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4Preface
Formerly regarded as a harmless healthy outdoor
pursuit available to people from all walks of life in all
parts of the world, angling has met with considerable
criticism over recent years. The 'noble art' described
by Walton in 1653 is now regarded by many as a cruel
sport, often pointless (especially where the fish are
returned to the water and not eaten) and somewhat
alien in an increasingly conservation-conscious socie-
ty. Much of the criticism of anglers in recent years has
come from the increasing numbers of 'animal rights'
pressure groups who have broadened their interests
from concern over mammals and birds to cold-blooded
vertebrates.
The situation has also been exacerbated by the in-
creasing numbers of anglers themselves and the
greater amount of leisure time (and unemployment)
available to them. These developments have resulted
in greater pressure on fish populations and the waters
in which they live, and created concern among conser-
vationists about increasing damage to wildlife caused
by the various activities of anglers. Concern has been
expressed about, among other matters, the direct
depletion of fish stocks, the harmful effects of moving
fish into new waters, and damage and distress caused
by lead weights, nylon line and other materials left in
the countryside.
One of the great difficulties in the debate over anglers
and wildlife has been the lack of relevant facts on
which to base any objective judgement. Anglers them-
selves are notoriously subjective in their approach to
the sport and jokes concerning the supposed size of a
catch or 'the one that got away' are traditional. In spite
of the fact that anglers have been fishing in the British
Isles for hundreds of years and now number over 3
million individuals, the lack of scientific data related to
their activities and their impact on the environment is
astonishing.
Because of all this recent interest in the subject, it was
decided to hold an open meeting on the impact of
anglers on wildlife in order to review the problems
which were giving rise to concern and the related
scientific data which might be available. At the sugges-
tion of R W Edwards, the Scottish Freshwater Group
and the British Ecological Society agreed to arrange
such a meeting and a small organizing committee was
set up by P S Maitland (SFG) and A K Turner (BES) to
include the Institute of Fisheries Management (A V
Holden) and the Nature Conservancy Council (D
Bayne). Support and interest were also given by the
Royal Society for the Protection of Birds.
It was decided to hold a one-day meeting as part of the
regular series organized by the Scottish Freshwater
Group at the University of Stirling, and local arrange-
ments were made by D S McLusky. The Institute of
Terrestrial Ecology agreed to publish the papers pre-
sented at the meeting as one of their regular series of
symposia proceedings. The meeting was held on 30
October 1985, and 180 participants from a wide range
of disciplines attended. The topic attracted some
attention from the media, and press and television
reports followed next day.
Peter S Maitland
Angela K Turner
June 1986
Lead poisoning and waterfowl
G J THOMAS*, C M PERRINSt and J SEARSt
* Royal Society for the Protection of Birds, Sandy, Bedfordshire
t  Department of Zoology, University of Oxford, Oxford
1 Introduction
Although waterfowl are occasionally poisoned at natu-
ral lead deposits (eg old mines) and from organic
pollution incidents involving alkyl lead and other com-
pounds, the main cause of lead poisoning amongst
waterfowl is from waste inorganic lead distributed in
the environment by humans (Thomas 1980). Lead
poisoning amongst waterfowl after ingesting waste
lead cartridge pellets has been shown for 15 countries
where research has been carried out. In Great Britain,
mute swans  (Cygnus olor)  have been shown to die in
large numbers after ingesting waste anglers' lead
weights, and this problem is also known amongst the
introduced mute swan populations in North America.
Lead poisoning affects the neuro-muscular systems.
Quarry species suffering from lead poisoning are more
prone to be shot. Large weight losses are recorded,
and birds are likely to starve to death as a result of the
gizzard muscles being unable to digest food which
builds up in large compact masses in the crop.
2 Waterfowl and spent cartridge pellets
Spent lead pellets from cartridges are known to poison
waterfowl in both Europe and North America (Belrose
1959; French & Baker 1982). Most research has been
done in North America where 2-3% of the waterfowl
populations overall are estimated to die each year of
lead poisoning. In recent years, this probably means a
loss of some 1.6-2.4 million birds. In the United
Kingdom, it has been tentatively and conservatively
estimated that at least 8000 mallard  (Anas platyrhyn-
chos)  alone die from this cause between September
and February each year (Mudge 1983).
Research in the United States and the United Kingdom
has shown that spent lead pellets remain in the top
few centimetres of aquatic substrate, while they settle
down further in soft substrates. There is, however, a
net accumulation of pellets in the surface layers. Pellet
densities of 30 per square metre have been found in
the top 10 cm of substrate at baited shooting ponds in
Britain, and 16 per square metre at the internationally
important waterfowl site at the Ouse Washes in
Cambridgeshire. Densities of pellets at wetlands over-
shot by clay pigeon shooting clubs in Denmark have
been measured at a staggering 20 000 per square
metre.
The susceptibility of waterfowl to picking up spent
lead pellets seems, in part at least, dependent on their
feeding habits. Herbivores, such as wigeon  (Anas
penelope), feeding clear of the substrate seem to have
a lower incidence of lead pellets in their gizzards.
Ducks, such as pochards  (Aythya ferina)  and pintail
(Anas acuta),  which grub into the substrate for plant
and invertebrate foods, have the highest incidences of
pellets in their gizzards.
Waterfowl suffering from lead poisoning or wounded
(and still containing lead pellets in their bodies) are
more readily preyed upon than healthy birds and may
give rise to cases of secondary poisoning. This has
recently been shown to have been the case with bald
eagles  (Haliaeetus leucocephalus)  in the United
States, where deaths from lead poisoning are now a
significant problem. Also, 3 of the last 4 dead Califor-
nian condors  (Vultur gryphus)  autopsied have died
from lead poisoning after ingesting lead rifle bullets. It
is suspected that they were ingested after the condors
had fed upon wounded deer that had ,been shot by
hunters.
The United States Government has progressively im-
plemented a system of non-toxic (steel) shot zones in
parts of some 40 States over the last 13 years to
protect wildfowl populations. Additionally, the use of
lead-shotted cartridges has been banned in many
counties, usually following river valleys, to protect bald
eagles and other waterfowl predators. The Danish
Government has recently banned the shooting of lead
pellets over water to protect waterfowl populations. In
all cases, hunters are using recently developed and
improved (second generation) steel-shotted car-
tridges. These perform just as effectively as the lead
heads at all recommended shooting ranges. There is
no difference in the crippling rates with these new
cartridges and, after planned distribution, they are as
competitive in price as the corresponding premium
lead ones.
3 Mute swans and anglers' weights
An estimated 3370-4190 mute swans die in England
each year from lead poisoning, with smaller numbers
dying in Wales and Scotland. Bewick's swans  (Cygnus
bewickii)  are also known to be affected (French &
Baker 1982). Lead poisoning after ingesting discarded
anglers' weights is the single biggest killer of mute
swans. Ingested lead gunshot accounts for only 1% of
the swans dying from lead poisoning.
About half of all mute swans examined by the Ministry
of Agriculture, Fisheries and Food from a wide variety
of locations in England have died from lead poisoning.
This finding is about the same as the results from the
swans examined along the River Thames. About 75%
of mute swans examined from East Anglia died from
lead poisoning (French 1984).
5
6Mute swan numbers in Great Britain were estimated
at 18 000 in 1983, which is some 5-13% below those
estimated in 1955-56. This drop has occurred over a
period of time when they should have increased, as
has happened with some other species of waterfowl.
The largest decreases have occurred at the major
coarse fishing areas in lowland Britain. In contrast,
increases are noticeable in those parts of Great Britain
where fly fishing predominates and few lead weights
are used.
Along the River Thames, swans that have died of lead
poisoning have an average of 6 partially digested
anglers' weights (mostly split shot) in their gizzards. In
1984, a particularly bad year, 66% of the Thames
cygnets became ill, or died from lead poisoning before
they were 10 weeks old. One 6-week-old cygnet
contained 13 anglers' split shot.
Seasonal variation is high, with much higher inci-
dences of deaths from lead poisoning occurring in the
summer months. Blood lead levels of living swans
mirror the pattern of these deaths. In 1983-85,95% of
swans on the lower River Thames had blood lead
levels of over 40 Kg/100 ml, which is taken as the
threshold level indicating exposure to abnormally high
levels of lead.
4 Discussion
The British Government has accepted that the lead
poisoning of mute swans is serious and has promised
legislation banning the use, sale and import of a range
of lead weights from 1 January 1987. A wide range of
non-toxic weights has been produced by manufac-
turers over the last 3 years, and these have gained
acceptance with the main angling organizations
(Thomas 1985).
The voluntary measures adopted in 1984 had mixed
success, as shown by a survey of tackle shops carried
out by the Royal Society for the Protection of Birds.
Lead shot sold in spill-proof containers was available at
almost all tackle shops, but lead continued to be sold in
non-spill-proof containers at most shops. Point of sale
publicity (posters and codes of conduct) warning of the
dangers of lead weights to swans and other wildlife
was evident at less than half of the tackle shops
visited. Alternatives to lead weights were available at
over half of the tackle shops visited in major coarse
fishing areas, but were not being purchased by
anglers. A survey of anglers carried out by the Anglian
Water Authority (French 1984) reported that only 3%
were using alternative weights.
5 Summary
Waterfowl in many countries are poisoned by lead
from human sources. The 2 main offenders are water-
fowl hunters and anglers. Lead in cartridges can be
replaced by steel and in anglers' weights by various
satisfactory compounds. The onus lies with the 2
groups of people involved to use these substitutes and
minimize further damage to wildlife.
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Angler litter
R W EDWARDS and M CRYER
Department of Applied Biology, University of Wales Institute of Science and Technology, Cardiff
Introduction
It seems remarkable that, despite the damage caused
to some species of aquatic birds by lead weights and
other forms of angler litter, there have been so few
descriptions of the distribution of litter at sites, or of
those angling activities and site characteristics rel-
evant to the problem. Several factors contribute to this
omission. First, the methods of search are generally
tedious and labour intensive, and may be inefficient or
applicable only to parts of the habitat. Second, re-
corded litter items need not necessarily be available, or
a danger to wildlife. Furthermore, the conversion of
measures of site contamination into past rates of litter
addition relative to angler use is frequently difficult to
undertake, so restricting the utility of the information
for management purposes.
Table 1 classifies freshwater angling activities in rela-
tion to their potential generation of litter, specific and
non-specific to anglers. Lead is associated with coarse
fishing, where split shot and ledgers are widely used,
but is also used to a small extent in various forms of fly
Table 1. Litter problems and their association with different forms
of angling. The number of asterisks indicates the potential
severity of the problem as assessed by the authors
Form of angling
Game Fly
Spin
Bait
Coarse Float
Ledger
Lead
Shot Ledger Nymph Line Hooks Bait General
*** ** ** if** ***
Table 2. Details of sites surveyed in Wales
it** **
*.
if it*
and bait game fishing. The discarding of line results
particularly from entanglement during the casting of
flies and floats, and from the replacement of terminal
tackles. Hooks, rarely abundant in angler litter, are
most easily lost when attached to line in the more
active forms of fishing. It is widely recognized that, in
fly fishing, such hooks are frequently snagged on
bankside obstructions and vegetation, whereas in float
fishing most are snagged underwater or on marginal
vegetation. Float fishermen commonly use, and may
discard, small fine-wired hooks which become blunt or
bent in use. General litter left by anglers is particularly
prevalent at coarse angling sites for a number of
reasons: the location of individual anglers is generally
fixed during a visit; fishing sessions are often long;
and angling practices may involve the use of polythene
groundbait and 'caster' bags, and tin cans for sweet-
corn and meat baits, which may be discarded When
empty (Forbes 1986).
In addition to these categories of 'inadvertentlitter,
groundbaiting is commonly an adjunct to coarse
angling in particular. Cereal groundbait and maggots
are frequently left in large quantities at fishing sites —
generally, but not exclusively, below the water line (M
Cryer  et al.,  unpublished data). Apart from its general
ecological effects on waterbodies (Edwards &
Fouracre 1983), such bait may provide a food source
for riparian birds and mammals, and in so doing act as
an attractant to areas containing high densities of
potentially more damaging litter.
This paper reviews the few studies at sites in Great
Britain where quantitative information is readily avail-
* C = carp (Cyprinus carpio); R = roach (Rutilus rutilus); B = bream (Abramis brama); T = tench (Tinca tinca); Tr = trout (Salmosp.)
** At some sites, estimates of angler use are very approximate
*** C = canoeing; S = sailing; 0 = bird-watching; B = boating
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Plate 7.  Metal detectors nave been shown to be
biased and inefficient when used to determine the
distribution of lead shot Photograpn D V Belli
efficiency is generally low and dependent on substrate
type and target size Membranes, covered with uncork
taminated substrate material, have been placed
shaHow water in front of fishing pegs Plate 2), and
accumulation of lead in the time between setting dnd
retrieval has been related to angler use at the site {Bell
et al  1985)
Unless attached to line, hooks are not easily found,
except by careful searches of the substrate In con-
sequence, their abundance in the environment is likely
to be underestimated.
Line is recovered using visual search methods Plate
3), but these are only effective on land The low
specific gravity and 'facies' of discarded line probably
result in considerable transport by wind and water
currents, leading to possible bras of discard rates if
-
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Plate 3  Visual banks:de searcnes the only practical
method of retrieving discarded nylon monohlament
Lan >then ii=ieervoir, Ltircliff iPhotograph D V Bela
they are periodically estimated by locd bank se:1)c
General litter is pr ncipallv a 'site-amen ty' problem.
althougai some catetgor es of Liter. such »ls plaiEitetnxis
and tin cans, present a hazard to certain an!mas itao
amount of litte)- has rarely been assesised, hut 2
measures that have been used nre Pie number of
classWed !,tter items per unit of bank frontage iM
Cryer et at. unpublished data), and their weight tind
perceived area iForbes 1985).
Almost all these methods have been devised to deter-
mine what liner is presen: at sites, rather than what is
accessible to potentially vulnerable wildlife Howeve:,
the lake periphery at fishing sites, where most litter is
deposited, is both the focus of the majority of surveys,
and the feeding zone for several bird and mammal
species More detailed studies o:  the  behaviour of
Figure 1 on page 9 was printed
without the appropriate tints. This is
the correct version.
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Figure 1. Mean densities of lead shot recovered from
samples taken on a standard grid from 3 sites at
Hendre Lake, Cardiff An arc of radius 2.5 m from the
angler position 'Fr is shown
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given taxa would be required before effective sam-
pling procedures to assess litter availability could be
developed. Furthermore, it seems likely that combina-
tions of litter items (such as lead shot or hooks
attached to line), and interactions between litter and
other site factors (such as water depth and bank
profiles, or vegetation) are of considerable significance
to the vulnerability of wildlife. In past surveys, the
importance of these interactions has not always been
recognized.
3 Results
3.1 Lead shot
Where fishing positions or pegs are identifiable at
sites, the bankside and shallow-water distribution of
lead shot is clearly associated with these positions.
Forbes (1986) calculated that 95% of all the lead shot
recovered from Llandrindod Lake (Table 2) was within
2.5 m of angling pegs, most being in front of them,
rather than behind.
Recent initial investigations at 2 sites in south Wales,
Hendre and Tredegar Park (Table 2), have confirmed
that densities of lead shot are highest within 2.5 m of
angling positions. Whilst there is considerable small-
scale patchiness in the distribution of shot in this zone
of high deposition, there is a tendency for concentra-
tions to occur in front of, and to the right of, angling
positions (Figure 1). This concentration probably re-
sults from the conscious discarding of shot by
predominantly right-handed anglers.
1
c;)
Figure 1. Mean densities of lead shot recovered from
samples taken on a standard grid from 3 sites at
Hendre Lake, Cardiff. An arc of radius 2.5 m from the
angler position 'P' is shown
During 1984, Bell  et al.  (1985) surveyed the distribution
of lead shot in front of fishing pegs at Woodstock, a
site specifically developed for coarse fishing (Table 2).
Average densities of shot decreased rapidly with dis-
tance from the angler position, being about 230 shot/
m2 at the pond margin, and 60 shot/rn2 only 2 m from
the shore. By laying membranes in front of fishing
pegs during the first 80 days of the fishing season, and
relating lead shot accumulation to angler visits, it was
estimated that anglers discarded, on average, 2-3 lead
shot per visit — equivalent to about 5 kg for the fishery
in one season. At this level of shot deposition, the
initial quantities of lead recovered near fishing pegs
represented far less than a single season's loss.
At Roath Park, where fishing positions are not con-
fined to pegs, but are continuous along the shore, an
initial survey consisting of 25 shallow water transects,
normal to the shore, has similarly shown the pro-
nounced decrease in the density of lead shot with
distance — in this case, from about 330 shot/rn2 at the
bankside, to around 60 shot/rn2 at 2.25 rn from the
shore. Figure 2 shows the fall-off in density of shot in
relation to distance from the shore for the 4 sites in
south Wales.
1-2
1-0
0.8
0.6
0-4
0-2
0
TRW
11I.
0 1.0 2.0
Distance from bank (rn)
9
Figure 2. Relative mean densities of split shot (+SE)
with increasing distance from the shore at 4 still-water
sites in south Wales. In each case, relative mean
density is calculated as absolute mean density divided
by maximum mean density for that site (R = Roath
Park, with maximum density of 327 shot/rri2; W =
Woodstock, with maximum density of 230 shot/n12;
T = Tredegar Park, with maximum density of 89
shot/n12; H = Hendre, with maximum density of 80
sho t/m2)
Studying the general distributions of lead shot around
Llandrindod Lake, Forbes (1986) estimated that at
least 33.5 kg of lead shot was present on the lake
shore and fishing platforms, 99.7% of it being present
in the 18% of the lake shore clearly identified as
normally used for fishing.
The weights of recovered lead shot have been deter-
mined at all 5 still-water sites studied, and size distri-
butions are very similar at all of them (Table 3). The
most abundant size is nearly always BB (0.4 g), which
on average comprises 20% of all shot recovered.
10
Table 3.  Percentage distribution of lead shot among manufacturersstandard size categories at 5 still-water sites in Wales. Overall mean
distributions by number and weight are also shown
Several sizes, eg 2, 5, and 7, are not normally sold as
split shot for fishing, so accounting for their complete
absence at some sites, and their scarcity at others.
The proportionate weights of lead contributed by the
different size categories, as an average value for all
sites, are also shown in Table 3, and are compared
with proportionate numbers, as a cumulative plot, in
Figure 3. Although size categories 1, BB, AAA, and
SSG contribute 76% of the lead burden, they consti-
tute only 46% of the number of recovered shot.
100
75
50
o/25 o-
0 - 0 --
,o
987 
 6 54 32 1 BB AAA SSG
Standard size
Figure 3. Cumulative percentage plot by number (I),
and by weight (0) of increasing sizes of split lead shot
recovered from 5 still-water sites in Wales
Ledger weights have been omitted from these com-
parisons, and, whilst they were rarely found at most
sites, at Llandrindod Lake they comprised 2.6% of the
lead weights recovered, and therefore contributed
substantially (50%) to the total lead burden.
In relation to the accessibility of lead to wildlife, it may
be important to discriminate between loose lead shot,
and that attached to line. At Roath Park, 10.4% was
attached to line; at Hendre, 3.2%; and at Tredegar
Park, 3.9%. At Llandrindod, 13% of recovered lead
was attached to line, half of this being on relatively
short pieces of nylon. At Woodstock, there was a
marked contrast in the proportions of recovered lead
attached to line in the 2 sampled areas: 100% in
marginal vegetation and only 9% on sediments re-
covered from submerged membranes (Bell  et al.
1985). This contrast may well be an artefact of the
different sampling methods employed in the 2 areas.
The depth of core and turf samples removed from
sites may be critical in any assessment of the amount
of lead available to wildlife, because it is possible that
only shot in the upper sediment layers is accessible.
Studies to date have determined total shot density
only, and any future survey of available lead should
include data on vertical as well as horizontal distri-
bution.
3.2 Line
From Table 1, it will be noted that substantial amounts
of discarded line may be associated with both coarse
and game angling, particularly where float or fly fishing
is prevalent. Bell  et al.  (1985) collected line from 50-m
lengths of bank at intervals throughout the fishing
season at Llanishen Reservoir,.a fly-only trout fishery
where reasonable estimates of angler visits could be
made. In initial collections, an average of 7.8 m of
nylon monofilament line per metre of bank was re-
covered. Subsequent searches throughout the season
indicated that this accumulation represented line dis-
carded over about 20 weeks of fishing. Anglers, on
average, left between 2.5 m and 5 m of line per visit.
At Woodstock, during the 6 years of its operation as a
coarse fishery, an average of about 75 m of line had
accumulated within the marginal and shallow water
area of each fishing peg - equivalent to about 4 km at
the whole site or 9 m per metre of site perimeter.
Subsequent studies using membranes recorded only
underwater deposition rates, and these were variable
but low - equivalent to about 0.2 m per angling visit.
Whilst it may be tempting to compare deposition rates
at the game and coarse fisheries, the 2 sites were
sampled very differently, no periodic underwater sur-
veys being conducted at Llanishen, and no periodic
bank searches at Woodstock.
At the coarse fishery at Llandrindod Lake (Forbes
1986), where searches were confined to the shore and
marginal areas, 50 m of nylon line per metre of bank
were recovered, most occurring at very high densities
in fishing areas, which comprised only 18% of the
shoreline. It was estimated that about 57 km of line
had accumulated on the banks of the fishery. Size
distributions of line fragments recovered from Llan-
drindod and Llanishen are compared in Figure 4.
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Figure 4. Cumulative distributions of pieces, and total
lengths of line within increasing length categories at A,
Llanishen Reservoir (fly fishing only), and B, Llandrin-
dod Lake (coarse fishing only). In B, the distribution of
line pieces with attached hooks or lead shot is also
shown
The accessibilty of line to wildlife will depend, in part,
on the lengths of individual pieces, and on their
location. Furthermore, damage after encounter or in-
gestion will be strongly influenced by attachments,
either shot or hooks. Information on some of these
properties of discarded line is available at a few sites.
At Llandrindod, line pieces with and without attach-
ments were analysed separately (approximately 12%
of pieces had attachments), but distributional charac-
teristics were very similar. At Woodstock, Bell  et al.
(1985) noted that 31% of line pieces had hooks or shot
attached, and that size distributions were similar for
both categories - mean lengths being 0.30 m and 0.23
m respectively.
Table 4 gives percentile values for distributions of line
lengths, and of total lengths within classes, for Llan-
drindod and Woodstock (coarse sites), and Llanishen
(fly-only game site). Fifty and 90 percentile values of
line lengths were less than 0.35 m and 1 m respective-
ly for all sites. Inevitably, with respect to total length of
line recovered in each of the length categories, small
individual pieces represent a much smaller proportion
of the whole, 50% of the total length of recovered line
from all sites being represented by pieces greater than
0.38 m in length.
Table 4. Percentage number of pieces of line (A) and total length
of line (B) in relationto piece length at 3 still-water fishehes
in Wales. Maximum lengths for each percentile are given in
metres
Llandrindod
" with attachments
Llanishen
Woodstock
Llandrindod
Llanishen
Woodstock
A
11
Percentage of total number of pieces
20 50 90
0.09 0.25 1.00
0.10 0.35 1.00
0.08 0.15 0.70
0.06 0.13 0.52
Percentage of total length recovered
20 50 90
0.30 0.70 • 2.50
0.20 0.45 0.90
0.15 0.38 0.83
3.3 Hooks
Detached hooks in samples are probably underesti-
mated, particularly the small ones commonly used in
coarse fishing. Nevertheless, at Woodstock, hooks
were 3% as abundant in litter as lead shot. In all
surveys of coarse fisheries, most recovered hooks are
attached to line (Bell  et al:  1985; Forbes 1986), a form
in which they may present a greater hazard to wildlife.
At the one game fishery that has been surveyed (Bell
et al.  1985), bank searches returned 19 flies and hooks
- equivalent to one fly per 20 m of line, or perhaps 4-8
angler visits.
3.4 General litter
Only one detailed survey of general litter at a fishery
has been undertaken (Forbes 1986), and, being a lake
in the spa town of Llandrindod Wells, collections of
litter were made relatively frequently. Although the
site was used by visitors other than anglers, 64% of
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the number of litter items (93% of the total surface
area of litter) were recorded in those parts of the
shoreline (18%) predominantly used by anglers.
An island at the site, used exclusively by anglers, was
particularly affected by litter. The highest litter den-
sities for the whole site were found around the fishing
platforms on the island, but other areas throughout the
island were also badly contaminated, with a high
proportion of items (48%) being discarded bait contain-
ers. The problems of litter on this island were exacer-
bated by the difficulty of refuse collection from the
area. The major contribution of anglers to the litter
problem at Llandrindod was reinforced by ordination
analysis, which identified the litter-strewn sites as
those with high use by anglers and low use by general
visitors.
3.5 Groundbait
Despite the reluctance of many water engineers to
permit groundbaiting in reservoirs because of potential
problems with water quality, the practices of cereal-
and loose-feeding are widespread on most coarse
fisheries. The contributions made by groundbait to the
organic carbon and phosphorus budgets of reservoirs
have been assessed by Edwards and Fouracre (1983),
and in most cases these represent less than 1%, and
less than 0.2% of the total budget respectively. Whilst
this particular effect of groundbaiting has been over-
emphasized in the past, no study seems to have been
made of the role which groundbait plays, either as a
food source for wildlife, particularly during the winter,
or in attracting mammals and birds to areas where the
density of lead shot, hooks, or other litter is high.
4 Discussion
It is unfortunate that detailed information on litter
distribution is available at so few fishing sites, most of
which are still waters in Wales. Comparisons with and
between flowing waters are particularly constrained,
data being restricted to the River Thames (J Sears,
personal communication). There is an evident need to
extend the range of sites, relating measurements of
litter distribution to wildlife use and angler behaviour.
Whilst sampling methodologies need to be standard-
ized and rigorously tested to facilitate site comparisons
for both bank and underwater areas, it is also impor-
tant that descriptions of litter distribution are relevant
in relation to wildlife vulnerability. In particular, the
absence of information both about the vertical distribu-
tion of lead shot in underwater sediments and the
feeding horizons of vulnerable wildlife species restricts
the usefulness of the gross litter densities that are
available.
Furthermore, the rate of deposition of litter needs to
be determined in relation to existing accumulations so
that the responsiveness of environmental improve-
ments to changing management and fishing practices,
as well as the time period over which wildlife is
potentially vulnerable, can be assessed. The few stu-
dies that have included measurements of deposition
rate have concluded that such rates are high when
compared with accumulations. Bell  et al.  (1985) calcu-
lated a deposition rate at Woodstock Pool of 2-3 split
shot per day using a membrane technique. Comparing
this to densities before membrane laying, it was
estimated that the total site burden represented only
4-5 months' accumulation — a rather surprising conclu-
sion in view of the sustained use of the site for the
previous 6 years. Unless there is substantial 'emigra-
tion' of shot from sampled near-shore areas, one must
assume far more rapid degradation rates of lead than
are reported in the literature (at least 25 years; Thomas
1982), provided both litter accumulations and deposi-
tion rates are being accurately measured. The resolu-
tion of these issues is important in assessing the
period over which wildlife will remain vulnerable to
lead ingestion following the withdrawal of this material
from use. The precise vertical location of lead shot in
sediment, particularly as it affects the redox potential
to which shot is exposed, could be crucially important
in determining rates of solution by both chemical and
microbial actions.
There is a consistency in the spatial distribution of lead
shot at the predominantly still-water sites surveyed. All
studies identify a zone of high deposition around
angling positions which is remarkably localized. Mean
densities of lead shot at Welsh sites around angler
locations ranged from 50 to 200/m2 (after allowing for
a sampling efficiency varying between 60% and 94%
with shot size). On the Thames, densities varied from
60 to 580/m2, being highest at Richmond where lead
poisoning of mute swans  (Cygnus olor)  was most
severe (J Sears, personal communication). Compara-
ble data on effects on wildlife at Welsh sites are not
available.
Vulnerability of wildlife, whilst depending in part on the
precise location of lead shot, may also be affected by
its attachment to line. At Welsh sites, between 3%
and 13%, and in the Thames 11%, of shot were
attached to line (Bell  et al.  1985; Forbes 1986; J Sears,
personal communication). Hooks similarly pose a
greater threat when attached to line, although the
number of hooks recovered in surveys is generally
low, perhaps as a result of the fairly rapid degradation
of the small fine-wired hooks frequently used in fresh-
water angling. The role of groundbait in attracting
wildlife to 'high litter' areas needs urgent assessment.
Discarded line has been a persistent problem at fishing
sites in the past: the RSPCA reported dealing with the
entanglement of 1500 birds in 1974 (C Booty, personal
communication). As with shot and hooks, the hazard
from line probably becomes greater when combined
with other forms of angler litter. Bell  et al.  (1985)
recorded 23% of pieces of recovered line at Wood-
stock, and Forbes (1986) noted 11% at Llandrindod
Lake having shot or hook attachments. Fluorescent
line, introduced to increase line visibility for reasons of
where 'Isning Linned However . seciB pc,a,cs.
Occuffed l-eurudry and September. and it is nor. ve.,
clear whe?.ner they wie related sow,ky to angling ictivity
and me avatabihtv of recently deposited cad or to
seasona enanges in feeding behaviour and 'one
sources at ',his location. If the availability of recemHy
discarded lead rather than seasonality in feeding be-
haviour is He important factor determining hazard, a
apid decrease •n blood lea° levels and regality mignt
be expected w :- the introduction or lead substitutes
If, nowever, rise:cm:Jed lead remains deceSSible
'Wildlife for long periods of nme . the localized nature of
its deposinoc around angling locations may facilitate
its praktkaal edeovdli
Genekil litter has usually been viewed „Id a sic: amen
ity problem ,Piate ki) (Pardeck  et  a/ 1981k cilthough
angIers may, f•r several reasons be mgior contribu-
tors fE orbes 19d61 ckome categokek of I tter sucn aH
plasnc bags and tin cans although not exclustve
anglers, may be d:scdrded by them at ter being used as
bait containers, and so create hazards More
attention needs te be given to tee management o'
fishing sites and the 'architecture' of wicking locationk
to minimie litter depos.tion and to facditate litter
collection Apart from general zoning of sites for
different recreational activities, etc, the specific loca-
tion dnd design of angling positions, with the provision
o' litter bins and impervious surfaces for easy litter
recovery, rr, get prove worthwhile where site usage is
high or damage to wildlife causes concern Such
damage cannot be regarded solely as a conservation
issue and confined to angling impact at the population
level, it is legitimately one of animal welfare, too
Bendre
s.,.e amen ty problem tter recovered from
he aber ,a,k2 2 weeks of me new Fisning
iViDeh d befieni 04 angler-specific kind
deneBd garre and coarse firsher es
B :Vales is rev ewed Lead sncr: s concectrated
aroui d cinder locations 95"-Ic a', one Eytebeing w thin a
udius c2 5 m At 4 oi,ne, sites tre concern:anon on
undenAkter subst-ate 1.5 mi `•-om the snore Weis
eBy 20-20(ji, of tnat at the wdter s eoge lup to 330
snot r-kr 2-3 lead shot per angler vis t were discarded
one site The most common size at all sites was BB
10 4 giwh ch accounted for 20-k of all recovered snot
Excluding 'edgers the 3 heaviest categories :SSG
AAA, BBi -epresented 76I)k of dll itedd by weight
Between 3.2 and i 3' of recovered lead snot were
attacned to Ine Between 8 in and 50 m of line per
metre of bank had accumulated at 3 contrasting fisher-
ies most bieces [90 »were more tnan i m Jong, and
at one ,,te 30°B had attached hooks or shot At a game
fishery , anglers left on average, 2 5-5 0 m of nylon
monofilament line per visit Generat litter was sur-
veyed at one coarse fishery. despite being used by
nei,-iny visitors most litte!- was concentrated around
angler locations, and included conta ners used for bait
The relevance of litter distcbuton to wddFfe protection
and site management is discussed More detaded
studies of wildlife and angler behaviour are needed to
assess and minimize eazards of litter Further data are
required on current patterns of litter accumulation in
relation to srte use and management
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Disturbance by anglers of birds at Grafham Water
A  S  COOKE
Nature Conservancy Council, Northminster House, Peterborough
1 Introduction
In Britain, there have been a number of local studies on
the effects on waterfowl of recreational activities,
including fishing (Hume 1976; Batten 1977; Tydeman
1977a; Tuite et al. 1983; Watmough 1983; Kramer
1984; UWIST 1984; Bell & Austin 1985). In addition,
broad overviews of the subject have been undertaken
by Tanner (1979) and Tuite et al. (1984).
Grafham Water in Cambridgeshire is one of the most
important wintering sites for waterfowl in Britain (Tan-
ner 1979). The main recreational pursuits are sailing
and game fishing. The former activity has relatively
little impact on waterfowl on this very large reservoir,
because it occurs only intermittently and disturbance
is more or less confined to deep water which tends to
be avoided by the majority of waterfowl (Cooke 1977).
On the other hand, bank and boat fishermen arrive in
large numbers on every day during the fishing season,
and often fish the shallow, sheltered bays and creeks
that are favoured by the birds. Consequently, fisher-
men have a considerable effect on waterfowl at
Grafham (Cooke 1976, 1977). Since these earlier
accounts were published, studies on disturbance at
Grafham have continued. All observations relating to
fishing disturbance are brought together in this paper,
the aims of which are as follows.
i. To determine the extent to which fishing affects
numbers of the principal species of water birds at
Grafham.
ii. To determine the extent to which fishing affects
their distribution between fished and .unfished
areas.
iii. To determine how and why the reactions of
mallard (Anas platyrhynchos) to a standard shore-
based disturbance are modified in areas dis-
turbed by the public and by fishermen. In this
respect, the abundant mallard is used as a conve-
nient indicator of the types of reactions that
might be shown by other species.
iv. To quantify the reactions of water bird species to
a standard shore-based disturbance outside the
fishing season in order to determine whether
such observations might help explain the
changes in numbers and distribution noted dur-
ing the fishing season.
v. To document, for as many species as possible,
their relative reactions to disturbance, in the
hope that this may be of relevance for decision-
making at other sites facing similar environmen-
tal pressures.
2 The site
Grafham Water was created in the mid-1960s by
building a dam across a shallow river valley and
pumping in water from the River Great Ouse. A map of
the reservoir is shown in Figure  1.  At top water,
Grafham is about 700 ha in size and, when first
created, was the largest reservoir in England.
Nature
Reserve
- Sanctuary
Bay
1
km
Reserve
Creeks
Mander
car park
Nature Reserve
car
park
Marlow
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Figure 1. A map of Grafham Water showing the
features referred to in the text. Shoreline study areas
for the controlled approaches are indicated by stippling
Various formal and informal recreational activities are
available. Game fishing and sailing both result in a
considerable human presence on and around the
water. Diurnal and seasonal changes in these 2 activi-
ties were discussed by Cooke (1977). During the early
1970s, the trout fishing season extended from the
beginning of April to mid-October. The end of the
season was put back to the end of October during the
early 1980s. In 1985, the season was extended till the
end of December for bank fishermen. During the early
1980s, there have been, on average, roughly 80-100
rods per day, with 20-30 motor boats per day being
hired (Anglian Water Authority statistics). The principal
unfished area is the Nature Reserve Creeks (Figure 1);
these creeks represent 2-3% of the water area of the
reservoir.
Grafham also fills the niche of the local park; there is
parking space for 1400 cars and the picnic areas cover
about 40 ha. The public has direct access to about half
of the shore. The Nature Reserve comprises the
western and north-western shores of the lake (Figure
1). Most of its 170 ha is arable land which acts as a
buffer zone and helps to keep the central section of
the reserve comparatively peaceful.
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Direct observations on the approachability of water
birds were undertaken to fulfil aims (iii) and (iv). These
observations involved walking towards birds and not-
ing their reactions (see Section 3), and were carried
out mainly in 3 study areas at the eastern end of the
lake (Figure 1). Birds in these areas are subject to
different amounts of shore-based disturbance by the
public (Tabie 1). However, disturbance by fishermen
and other water-based amenity users tends to be
similar in the 3 areas. It is a reasonable assumption
that there is more land-based disturbance from the
public at Marlow than at either Plummer or the Dam,
but it is not possible to state whether there is more
disturbance at Plummer than at the Dam because the
nature of disturbance is not the same in the 2 areas. It
should be noted, however, that, compared with lightly
disturbed areas in the north-west of the reservoir,
even Plummer and the Dam suffer from considerable
disturbance from humans.
Table 1.  Details of the areas used for the controlled approach
studies. See methods for explanation
Capacity of car
Area park
Plummer 200 cars
Marlow 700 cars
Dam No car park
% of shore to
which public
allowed
40
100
0 but allowed
along the
length of the
road behind
the Dam wall
% of shore to
which
fishermen
allowed
100
100
100
3 Methods
Since the reservoir first began to flood in January
1965, water birds at Grafham have been counted
regularly for the Wildfowl Trust. Grebes  (Podiceps
and  Tachybaptus spp.), wildfowl and coot  (Fulica atra)
(here collectively referred to as waterfowl), waders,
grey heron  (Ardea cinerea), cormorants  (Phalacrocorax
carbo),  divers  (Gavia spp.), etc, have been counted on
the middle weekend of each month from September
through to March. Usually 2 observers have counted in
a systematic, synchronized fashion, one counting from
the north shore, working west to east, and the other
operating along the south shore. This technique was
adopted to minimize the risk of missing birds or of
counting them more than once. The reservoir was
demarcated into 6 areas (one of these, the Reserve
Creeks, is shown in Figure 1), and totals for each area
have been recorded separately. This series of counts
has been augmented by many other counts, both of
the whole reservoir and of particular count areas,
undertaken at different seasons of the year. During the
period 1972-75, many additional counts were made to
facilitate more precise understanding of the redistribu-
tion that occurs at the end of each fishing season
(Cooke 1976, 1977). These counts have been re-
examined in this paper, especially to answer objective
(i).
From 1979 to 1985, direct observations were made on
birds' reactions in the eastern study areas. Individuals
or groups were selected on land or on the water, but
within 10 m of the water's edge. I recorded the
number of birds and the nature of their activity, and
then walked towards them at a standard rate (see
Cooke 1980). For an individual, the distance at which it
moved off was recorded (termed the tolerance dis-
tance), as was the nature of the movement and how
far the bird moved. For a group, the median reaction
was recorded. Tolerance distances were estimated by
pacing. The mean length of 10 paces was 10.05 -±SE
0.04 m (N=10), so one pace was taken to be equiva-
lent to 1 m. Distances moved were estimated by eye
up to 100 m. Longer distances were simply recorded
as 'greater than 100 m'. When judging distances out
on to the water, advantage was taken of any reference
point a known distance away. I tested my ability to
judge distance in this manner by estimating distances
from 10 m to 100 m on an open grass field, and then
estimating by pacing. There was no tendency for the
visual estimate to be greater or smaller; the mean
difference for 28 observations was +2.8 m. Ten visual
estimates of 100 m had, when paced out, a mean ±-SE
of 104±7 m.
4 Results and observations
4.1 The effect of fishing on numbers and distribution
Counts summarized in Table 2 show the mean number
of waterfowl from 5 weeks before fishing ended,
1972-75, until 5 weeks after. During this part of the
autumn, waterfowl numbers increase (Cooke 1977),
and a general upward trend is evident in Table 2.
However, the only significant change between adja-
cent periods was the rise (of 28%) at the end of the
fishing season.
Table 2.  Changes in numbers of Grafham's waterfowl (wildfowl,
grebes and coot) relative to the end of fishing, 1972-75
*Significantly greater than mean for previous period, P<0.05
Changes in the numbers of individual species at the
end of the fishing seasons, 1972-75, are presented in
Table 3 for waterfowl, waders and other water birds.
Although only 2 species showed significant increases
associated with the end of fishing, the means in-
creased for 11 out of the 14 species listed in Table 3, a
trend which was statistically significant (x2=4.57,
P<0.05). The relative increase during the first days of
the close season may indicate the extent to which
species avoided Grafham immediately prior to the end
of the fishing season.
Table  3. Mean numbers of birds at Grafham during the last week of
fishing (5 counts) and the first week of the close season (5
counts), 1972-75. List includes all species for which the
mean count was at least 5 for at least one period
* Significantly greater than mean for fishing, P<0.05; ** P<0.01
Latin species names given in Table 14
The effect of fishing on total numbers is, however,
much less striking than the effect on distribution. The
extent to which species gathered in the unfished
Reserve Creeks is used here to indicate which species
were most affected. Data from September and Octo-
ber counts made during the fishing seasons, 1972-84,
are presented in Table 4. In the same Table, compar-
able data for the non-fishing period, from the end of
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October to December, are included to indicate which
species tend to be found in the Creeks outside the
fishing season. For 8 of the 14 species listed in Table
4, on average more than half the birds were recorded
in the Reserve Creeks during the fishing season. For 7
species, numbers in the Reserve Creeks decreased
significantly after fishing ended, despite total numbers
at Grafham being maintained or elevated: gadwall
(Anas strepera),  coot, grey heron, mallard, great
crested grebe  (Podicepscristatus), tufted duck  (Aythya
fuligula)  and little grebe  (Tachybaptus ruficollis).  Num-
bers of pochard  (Aythya ferina)  in the Reserve Creeks
decreased by about 50%, although total numbers
increased significantly. Outside the fishing season, the
teal  (Anas crecca)  showed the greatest attraction for
the Reserve Creeks, followed by dunlin  (Calidris
alpina), grey heron, mallard and gadwall (Table 4).
4.2 The tolerance distance of mallard in specific areas in relation to
disturbance
During the fishing season, the mean tolerance dis-
tance of mallard was significantly lower (ie the birds
were tamer) in the severely disturbed Marlow area,
than in the 2 moderately disturbed areas (Table 5).
After fishing finished, there were significant increases
in mean tolerance distance in each of the areas (Table
5). Birds remained significantly more approachable at
Marlow than at Plummer or the Dam. However, it
should be stressed that the last 2 areas are not
Table  4 Mean numbers of birds in the Reserve Creeks and in total for Grafham, during fishing, September-October, 1972-84 (26 counts).
List includes all species recorded on more than half of the counts. Comparable data for the close season are also given,
October-December, 1972-84 (41 counts)
* Significantly less than mean for fishing, P<0.05; "* P<0.01; *** P<0.001
Table  5. Mean tolerance distance of mallard in the study areas during the fishing season and the close season, 1979-85
Area
Plummer
Dam
Marlow
Fishing
Level of No. of
disturbance groups
Moderate + fishing 16
Moderate + fishing 11
Severe + fishing 12
Mean tolerance Level of
distance ±SE (m) disturbance
89 ± 12" Moderate
76 ± 11* Moderate
43 ± 5 Severe
* Significantly different from mean for Marlow, P<0.05; ** P<0.01; *** P<0.001
t Significantly different from mean for fishing, P<0.05; -Ft P<0.01; tttP<0.001
No fishing
No. of Mean tolerance
groups distance ±SE (m)
61 141 ± 8t t*"
79 179 ± 9ttt"**
82 66 ± 4f
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especially quiet, and the birds there showed some
tolerance of humans. Thus, the mean tolerance dis-
tance of 13 observations in the lightly disturbed area
of Sanctuary Bay (see Figure 1) was 324 m
(SE-±27 m). This mean was significantly greater than
that at either Plummer or the Dam (P<0.001).
To understand why changes in tolerance distance
occurred at the end of the fishing season, the situation
has been examined in detail at the Dam, the study area
where the change was most marked (Table 5). During
the fishing season, birds that reacted at distances
greater than 200 m were absent (Table 6). Explana-
Table 6.  Tolerance distances of groups of mallard in the Dam area,
1979-85, comparing fishing and close season data
Range of Number of groups
tolerance distances
(m) Fishing No fishing
1-49 2
50-99 10
100-149 17
150-199 16
200-249 17
250-299 10
300-349 6
350-399
400+ 1
Total 11 79
Period
Fishing, August—
October
No fishing,
October'
No fishing,
November
No fishing,
December
No. of
groups
3
6
1
1
tions for this observation include (i) wilder birds
avoided the Dam during fishing, and (ii) the same birds
were present throughout, but reacted at a lesser
distance during fishing. Data collected for the autumn
periods of 1982 and 1983 indicate the former explana-
tion to be the more likely (Table 7). Mallard numbers on
Table  7. Changes in the mean tolerance distance and numbers of
mallard in the Dam area at the end of fishing, 1982-83
Mean
tolerance
distance
± SE (m)
No. of
visits
Mean no. of
birds (range)
One day after fishing ended, 1983
* Significantly greater than mean for fishing/August—October,
P<0.01, **P<0.001
t Significantly less than combined no fishing/October—December,
U8,12=21.5, P<0.05
the Dam increased as soon as fishing ended; at the
same time, tolerance distance increased significantly.
Waterfowl move out of the Reserve Creeks as soon as
fishing ends (Cooke 1976, 1977), and it appears that
wild birds at Grafham are more or less confined to the
Reserve Creeks during fishing, but then quickly occupy
other areas when fishing finishes, and so modify the
observed mean tolerance distance in those areas. It
was considered possible that the observed differences
at areas such as the Dam might be due, at least in part,
to birds being wilder because group size increased (eg
Owens 1977). However, when data were examined
for the Dam, it was found that, outside the fishing
season, the increase in tolerance distance was inde-
pendent of group size (Table 8). This finding again
supports the theory that the observed change in
tolerance distance at the eastern end when fishing
ends is due to the arrival of wilder birds from the
western end (and perhaps other waters).
Table 8.  Relationship between group size and mean tolerance
distance for mallard in the Dam area, 1979-85
Mean Mean
tolerance tolerance
No. of distance No. of distance
Group size groups ± SE (m) groups ± SE (m)
* Significantly different from mean for fishing, P<0.001
4.3 The comparative approachability of water birds
To try to predict which species might be vulnerable to
disturbance from shore-based activities, the reactions
of different species have been compared outside the
fishing season. All species that were recorded at least
10 times at the eastern end are listed in Table 9, in
increasing order of tameness. The goldeneye  (Buceph-
ala clangula)  and those species higher in the ranking
order were significantly less approachable than the
mallard (P<0.05), while the redshank  (Tringa totanus)
and those below it were significantly tamer than the
Table 9.  Mean tolerance distance towards an approaching human
for species at the eastern end of Grafham during the close
season 1979-85. List includes all species recorded on at
least 10 occasions
Fishing No fishing
No. of
Mean tolerance
distance
Species groups ±  SE (m)
Gadwall 47 181  +  12
Grey heron 32 178  +  13
Coot 87 169  ±  7
Goldeneye 29 168  +  14
Great crested grebe 10 142  +  22
Tufted duck 12 131  +  18
Mallard 222 127  ±  5
Shelduck 19 126  +  17
Shoveler 28 126  ±  15
Wigeon 73 115  +  6
Black-headed gull 12 105  +  10
Redshank 19 92  +  8
Teal 56 86  +  6
Ringed plover 37 43  +  3
Pied wagtail 10 32  +  6
Dunlin 27 30  +  4
Meadow pipit 11 27  +  2
Mute swan 18 14  +  10
mallard (P<0.05). The data are expressed in Table 10
in a manner that may be more useful to planners. This
Table indicates the degree of sensitivity of each
species to an approach to a specified distance.
Table 10. The extent of movement by species when approached on
foot to specified distances, eastern end, close season
data, 1979-85. Numbers of observations are given in
Table 9
% of groups moving when approached to
specified distance
When considering the likely impact of disturbance on
birds, it is, however, not sufficient simply to consider
the distance at which birds react; how they react
should also be taken into account. Species that tend to
fly when disturbed are more likely to be displaced
greater distances. For instance, in Table 10, where
comparative data are given for gadwall and wigeon
(Anas penelope), it is apparent that any approach down
to 100 m is more likely to elicit a move in a flock of
gadwall than in a flock of wigeon. However, gadwall
tend to swim away from such disturbance, whereas
wigeon fly away, and, as shown in Table 11, an
approach within 200 m will cause greater numbers of
wigeon to move more than 100 m.
Table 11 shows the extent to which each species
moved more than 100 m when approached to 300,
200, 100 or 0 m. Not surprisingly, there was a sig-
nificant positive relationship for the 18 species be-
tween the percentage of groups that flew when
approached to 0 m and the percentage moving
more than 100 m (Spearman rank correlation
coefficient=0.714, P<0.01). Few birds swam more
than 100 m. In effect, there are 4 ranking orders in
Table 11, each indicating the likely impact on exposure
to disturbance of varying intensity. Which of these
orders is most applicable to Grafham can be arrived at
by ruling out unrealistic ranking orders one by one.
Thus, distribution and numbers of dunlin and ringed
plover (Charadrius hiaticula) are unaffected by fishing
at Graf ham (Tables 3 & 4), so the 'approach to 0 rn"
Table 11. The extent of movement of more than 100 m when
approached on foot to specified distances, eastern end,
close season data. 1979-85. Numbers of observations
are given in Table 12
ranking order seems to represent disturbance that is
too severe. Approaching to 200 m (or 300 m) caused
virtually no impact, except to grey heron or goldeneye.
On the other hand, approaching to 100 m produces no
long-distance movement in tamer species but appreci-
able responses in wilder species, and this order is
given in full in Table 12 as perhaps representing a
situation relevant to Grafham.
Table 12. Ranking order showing percentage of groups moving
more than 100 m when approached to 100 m, eastern
end, close season data, 1979-85
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4.4 A comparison of ranking orders
In this paper, 4 different types of ranking order have
been presented. There are 2 empirical orders based on
the extent to which birds came to Grafham after
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Table 13.  A comparison of the ranking orders for the 12 species common to each order
Derived from bird counts
Most wild
Most tame
Immigration when
fishing ended
Grey heron
Wigeon
Tufted duck
Mallard
Gadwall
Great crested grebe
Teal
Mute swan
Coot
Shoveler
Dun lin
Ringed plover
Spearman rank correlation coefficients:
IV
fishing '(Table 3) or preferred the Reserve Creeks
during fishing (Table 4). Then, there are 2 predictive
orders, based on how birds reacted when approached
by an observer (Tables 9 & 12). Twelve species appear
in all of these Tables, and these are listed in order in
Table 13. Ranking tests between the empirical-
predictive pairs showed that the best fits occurred (i)
between the preference for the reserve order and the
tolerance distance order, and (ii) between the immigra-
tion order and the order showing tendency to move
more than 100 m. In addition, there was a significant
relationship between the preference for the reserve
order and the tendency to move more than 100 m
order.
5 Discussion
Fishing has been reported as seemingly affecting
numbers of teal, pochard and coot at Llangorse Lake
(Tuite  et al.  1983), pochard, shoveler  (Anas clypeata),
wigeon, mallard and tufted duck at Foremark (Wat-
mough 1983) and coot at Llanishen (UWIST 1984).
Mallard and tufted duck at Llangorse (Tuite  et al.  1983)
and coot at Foremark (Watmough 1983) were un-
affected. Distributional changes, similar to those
caused by fishing at Grafham, have also been noted at
Rutland Water (Appleton 1982). Rutland is even larger
than Grafham, and its extensive Reserve supports
most of the birds during the fishing season. Changes
in distribution caused by fishing have also been
observed for coot, wigeon, mallard and pochard at
Llandegfedd (UWIST 1984; Bell & Austin 1985) and for
mallard, pochard, tufted duck and coot at Roath Park
Lake (UWIST 1984). Each species that was mentioned
as being tolerant of disturbance was found to be
affected elsewhere, and one is left with the conclusion
that any species is likely to be affected at a badly
disturbed locality. Tuite  et al.  (1984) examined count
data for 9 wildfowl species for the winter months from
hundreds of sites, and determined whether those
sites with certain recreational activities had significant-
Derived from controlled approaches
II Ill IV
Preference for Reserve Mean tolerance Tendency to move >100 m
during fishing distance when approached to 100 m
Gadwall Gadwall Grey heron
Teal Grey heron Wigeon
Coot Coot Teal
Grey heron Great crested grebe Shoveler
Mallard Tufted duck Gadwall
Great crested grebe Mallard Great crested grebe
Shoveler Shoveler Mallard
Wigeon Wigeon Coot
Tufted duck Teal Tufted duck
Dunlin Ringed plover Mute swan
Ringed plover Dunlin Dunlin
Mute swan Mute swan Ringed plover
0.483 INS) 0.734 (P<0.01)
0.531 (P<0.05) 0.633 (P<0.01 )
ly lower numbers of birds. Coarse fishing was found to
be the most damaging activity, but game fishing was
reported as having no effect, perhaps because there is
no game fishing for most of the winter. In contrast to
this conclusion, Watmough (1983) found that duck
tended to avoid sites in the north Midlands that had
intensive trout fishing. Tuite  et al.  (1984) ranked their 9
study species according to the frequency with which
they displayed decreases associated with recreation.
The goldeneye was found to be most susceptible,
followed by the shoveler, teal, wigeon and mallard.
The remaining species (pochard, tufted duck, goosan-
der  (Mergus merganser) and mute swan  (Cygnus olor)
showed no such decreases. Of these, the pochard is
the most surprising, especially since Tuite  et al.  (1983)
found marked effects of recreation on numbers of
pochard at Llangorse Lake.
At Grafham, fishing has some effect on bird numbers
and a marked effect on distribution for many species.
Disturbed birds are presumably more likely to redistrib-
ute rather than leave at a large water such as this,
because they may find somewhere quiet to settle. The
importance of the Reserve Creeks as a sanctuary area
has been demonstrated in this paper. If fishing were
allowed in the Reserve Creeks, this would cause an
additional reduction of about 60% in waterfowl num-
bers if the Reserve's birds vacated Grafham. When
planning a nature reserve at a reservoir used for
recreation, it is important to ensure that it is large
enough and/or sufficiently screened so as to minimize
the effects of disturbance. At Grafham, fishing boats
are allowed up to the mouth of the Reserve Creeks, a
position in which they are very conspicuous. Most of
the waterfowl congregate at the back of the Creeks,
200-400 m away from the nearest fishing boats. A
smaller reserve would presumably have been less
successful in maintaining Grafham's waterfowl
population during the fishing season (see Watmough
1983). Over the last 10 years, willow growth  (Salix
spp.) on the shore, especially in the Plummer area, has
proved attractive to birds (and unattractive to fisher-
men). Numbers of mallard have decreased in the
Reserve and increased in the Plummer area since the
mid-1970s (Cooke & Mason 1983).
The distribution of birds at Grafham is influenced by
other human activities, as well as fishing. This in-
fluence is evident from the fact that, even during the
fishing season, approachability of mallard and other
species (unpublished observations) at the eastern end
was related to the degree of public pressure. It is
reasonable to suggest that any increase in disturbance
will further modify distribution and numbers. A de-
velopment of concern in this respect was the decision
to hold a water-skiing trial in the autumn of 1985. The
sudden increase in the length of the fishing season in
1985 is also of concern. During November 1985, there
appeared to be few bank fishermen interested in
continuing their sport. If, however, boats are made
available during future winters and the extension gains
in popularity, bird numbers and distribution will pre-
sumably be modified further.
Few data on approachability have been published.
Hume (1976), Tydeman (1977b) and Batten (1977)
reported distances to which birds allowed approach by
boats of different types, but observations were limited
in number. Watmough (1983) reported the distance to
which waterfowl species could be approached on
foot: mallard and tufted duck were significantly less
approachable than coot. This situation differed from
that at Graf ham, where coot were significantly wilder
than mallard (Table 9). Indeed, coot were less
approachable than mallard in each of the 3 study areas
at Graf ham (unpublished observations).
Owens (1977) found that for Brent geese  (Brenta
bernicla)  on the Norfolk coast, tolerance distance
increased as flock size increased. No such relationship
existed for mallard observed in the Dam area of
Grafham (Table 8), but extending the study across the
3 study areas outside the fishing season would have
produced a positive trend, as smaller groups of mallard
occurred in the Marlow area where birds were tamer.
Until detailed observations are undertaken elsewhere,
it is not possible to state how applicable the ranking
lists derived for Grafham might be for other waters.
Information on the susceptibility of birds to leave or
redistribute at Grafham is summarized for all species in
Table 14. Although at most other waters there will be
less opportunity for disturbed birds to find a quiet
sanctuary area within the water itself, such conditions
might exist close by. Thus, coot disturbed at Llanishen
Reservoir simply moved across a causeway to the
adjacent and quieter Lisvane Reservoir (UWIST 1984).
At Grafham, birds disturbed at the Dam end may move
more than 3 km to quiet areas, such as the Reserve
Creeks.
Table 14.  Overall ranking orders derived from bird counts and
controlled approach studies
Susceptibility to Tendency to
redistribution be absent
Grey heron  (Ardea cinerea)
Pochard (Aythya ferina)
Goldeneye  (Bucephala clangula)
Gadwall  (Anas strepera)
Coot  (Fulica atra)
Little grebe  (Tachybaptus ruficollis)
Wigeon  (Anas penelope)
Teal  (Anas crecca)
Mallard  (Anas platyrhynchos)
Tufted duck  (Aythya fuligula)
Redshank (Tringa tetanus)
Black-headed gull  (Larus ridibundus)
Great crested grebe  (Podiceps
cristatus)
Shelduck (Tadorna tadornal
Shoveler (Anas clypeata)
Mute swan  (Cygnus olor)
Ringed plover  (Charadrius hiaticula)
Dun lin  (Calidris alpine)
Meadow pipit  (Anthus pratensis)
Pied wagtail  (Motacilla alba)
+ +Susceptibility/tendency is marked; + apparent; 0 not apparent
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At other waters faced with the threat of a new
disturbing operation involving human activity on the
shore, it may be worth testing the reactions of mallard
to indicate the contemporary level of disturbance. If
wintering mallard typically tolerate controlled
approaches on foot (as used at Grafham) to within 100
m, then there is already severe disturbance. However,
if the typical reaction is to move away at distances of
300 m or more, then this will indicate birds that are
unaccustomed to much disturbance, and therefore
presumably susceptible to any increase in disturbance.
At Graf ham, the impacts of (i) combined water- and
shore-based activity and (ii) a standard shore-based
activity have been studied experimentally. Although
there was good agreement between observations
from the 2 studies, Watmough (1983) has indicated
that birds on the water are more susceptible to
water-based activity, and  vice versa.  Thus, the more
aquatic species such as pochard, goldeneye, tufted
duck and grebes may be relatively more susceptible to
water-based disturbance than is indicated in Tables 10
and 12. Bearing in mind the ranking order in Table 14,
pochard and goldeneye are likely to be amongst the
species most affected. Other local studies have con-
sistently noted effects on these species (Hume 1976;
Tuite  et al.  1983; UWIST 1984; Bell & Austin 1985).
At the other end of the scale, waders were relatively
unaffected, although redshank were significantly less
approachable than ringed plover or dunlin (Table 9),
and were more prone to fly further than 100 m (Table
11). These results are not surprising as the wary nature
of the redshank is well known amongst bird-watchers.
The resistance to disturbance of the mute swan and
the small passerine species was also to be expected
(eg see Cooke 1980).
22
While one should never lose sight of conservation
implications on a broader regional or national scale,
management decisions concerning recreation and
birds are usually made at a local level. As Watmough
(1983) has argued, for scientific site management, one
needs to know whether disturbance matters to the
birds, by interpreting information on the response of
birds and the time taken to recover in terms of their
biology. At Grafham, there has been some impact of
fishing on bird numbers. While it is not possible to
state categorically whether this impact matters to the
birds involved, it should be appreciated that the mis-
sing birds are likely to be the more wary members of
Grafham's winter waterfowl community, and there-
fore the least likely to find suitable quiet conditions
nearby. It is also worth pointing out that the missing
birds render Grafham less attractive to bird-watchers.
Conversely, however, the uneven distribution caused
by fishing is helpful to bird-watchers by facilitating
viewing from the hide overlooking the Reserve
Creeks. Again, it is not possible to answer whether
having to occupy a different area of the lake has a
detrimental effect on the individuals involved. Even
after fishing has finished, however, bird distribution
remains modified by public pressure. Provision of an
adequate refuge area would seem essential on any
lake where recreation activities are commonplace, if
that site is to retain a bird population consistent with
its geographical position and physical and chemical
attributes.
6 Summary
It was first noticed in the early 1970s that trout
fishermen at Grafham Water, Cambridgeshire,
markedly affected the distribution of waterfowl, with
most birds being found in the relatively small, unfished
area of the Nature Reserve Creeks. This paper brings
together observations made at the reservoir through-
out the 1970s and early 1980s. For most duck species
and for the coot, grey heron and great crested grebe,
more than 50% of the birds occurred in the Reserve
Creeks during fishing; but for the mute swan and
waders, less than 15% were recorded there. Associ-
ated with the end of the fishing season, there was an
average influx of waterfowl to Graf ham of 28%. Most
duck species increased by more than 30% within a
week of the end of fishing, but numbers of coot, great
crested grebe, mute swan and waders changed little.
Despite this influx to Grafham, numbers of most
species decreased in the Reserve Creeks. Controlled
approaches on foot were made towards mallard to
determine their tolerance to this form of disturbance:
at the end of the fishing season, there was a decrease
in tolerance in each of 3 study areas. It was concluded
that, during fishing, comparatively few mallard were
present, but these birds were highly tolerant; during
the first few days of the close season, less tolerant
birds arrived from quieter areas. Controlled
approaches were also made to a range of other
species during the close season. Significant positive
relationships were found between the wariness of
species and both the degree to which the Reserve
Creeks were used during fishing and the extent to
which species increased after fishing finished. The
species most susceptible were grey heron, pochard,
goldeneye and gadwall.
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The effects of angling interests on otters, with particular
reference to disturbance
D J JEFFERIES
Nature  Conservancy Council, Northminster House, Peterborough
1 Introduction
In terms of numbers, anglers form an important part of
the bankside community using fresh waters in Britain.
Angling and netting, either for sport or for food, have
been practised by humans over many centuries. Some
interaction with another fish predator, the otter  (Lutra
lutra),  either directly or indirectly, seems inevitable.
What is, or has been, the importance of this interaction
in the past and in the present and future as anglers
increase in numbers? The otter population of Britain
has seriously declined and it now has legal protection.
Also, being attractive, it has achieved some import-
ance as a kind of 'figurehead' within the conservation
movement.
In the past, attempted extermination has been the
problem. At present, disturbance seems to be the
most likely important interaction, at first examination.
The otter is apparently very shy and largely nocturnal in
the south. It is seldom seen, even by people who earn
their livelihood from rivers. Increasing disturbance was
listed among the likely problems for the declining otter
population when the Joint Otter Group (O'Connor et al.
1977) reviewed the situation in 1977. However, since
then, conservationists have become less concerned
over this factor as more information has been gained.
The present paper collects together the available, but
scattered, data plus further unpublished observations
on the subject in order to reach some objective
conclusions.
2 Changes in the population of the otter and
connections with fishing interests
2.1 Eighteenth and nineteenth centuries: the effect of keepering
Howes (1976), writing about Yorkshire, Nottingham-
shire and Derbyshire, suggested that the otter popula-
tion density was relatively high until at least the
mid-18th century. The record for hunting of 9 otters
killed in one day by one hunt in 1796 (Bell 1837)
supports this suggestion. However, the piscivorous
otter was considered to be in direct competition with
people. Freshwater fish were important as a source of
food and, later, sport. Consequently, a tradition of
persecution arose with the aim of eradicating the
species. With the improvement of the sporting gun in
the late 18th and early 19th centuries and the gin trap,
the means for eradication became available. The
prosperity following the industrial revolution increased
the numbers of the landowning society with the
leisure time and the interest in shooting and fishing
and-who employed large numbers of gamekeepers to
preserve their sporting quarry from predators. For
example, 263 otters were killed on the Duke of
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Sutherland's estate alone from  1831 to 1834
(Nethersole-Thompson 1951). Descriptions in the vari-
ous Victorian County Histories show that persecution
of the otter by 'keepers occurred in most counties. By
the end of the 19th century, the otter population must
have been artificially low. Corresponding declines of
the polecat  (Mustela putorius),  wild cat  (Felis silvestris)
and pine marten  (Martes martes)  populations occurred
at the same time, ending with relict populations by
1900. An analysis by Langley and Yalden (1977) again
points to the cause being persecution by gamekeep-
ers, rather than habitat change. Unlike these species,
as far as is known, the otter never became extinct in
any county, perhaps because of the difficulty of trap-
ping. The otter will not come to bait as it only rarely
scavenges (Cuthbert 1973).
2.2 Twentieth century: recovery
An analysis of the hunting records of an old estab-
lished otter hunt, the Culmstock, was undertaken by
Chanin and Jefferies (1978). The number of 'finds' per
100 days hunting over the period covered by the data
showed a regular increase from 61 in 1907 to 92 in
1955. This significant increase in hunting success
sustained over a period of nearly 50 years suggests an
improving population. Langley and Yalden (1977) de-
scribe similar recoveries in the populations of the
polecat, wild cat and pine marten from the period of
the 1914-18 world war, with recolonization of old
territory. They related this pattern to the decrease in
persecution by 'keepers. This occurred due to the
reduction in 'keeper numbers during 2 world wars and
the changing economic climate (Potts 1980). It seems
probable that this factor is also the reason for the
increase in otters in the Culmstock hunt country
(Devon and Somerset) and possibly elsewhere.
2.3 The recent dechne
Although Stephens (1957) was able to say of most
River Board areas that they were 'well stocked' with
otters, by the time her report had been published
another and more severe decline in the British otter
population had started. Again, an analysis .(Chanin &
Jefferies 1978) of hunting records showed that 11 out
of 12 packs of hounds had experienced a sudden and
serious decline in hunting success in the mid-1950s.
The date of the start of the decline was established at
1957-58 and it occurred simultaneously over the
whole country. It resulted in a marked change in
distribution, with otters now sparse to absent over
most of the Midlands and a fragmented population
elsewhere in England and Wales (Crawford  et al.
1979; Lenton  et al.  1980). To have a suddenly occur-
ring, simultaneous and severe population decline over
a
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surveys for spraints and holts or from long periods of
observation and from the literature.
3.1.1 Bank anglers
Green  et al.  (1984), radio-tracking the male P3 on the
River Earn in 1981, found that in rural areas anglers
created the main potential for disturbance. This was
especially so in July and August when all-night fishing
for sea trout was at its peak, as this individual was
almost completely nocturnal. Intensive fishing was
restricted to just a few parts of the male's home range
but all of these were situated within its centres of
activity. A maximum of 12 night-anglers was recorded
on one night on a 1500-rn stretch of the river. Nonetheless
the otter remained within this area, bypassing anglers
either on land, through dense vegetation, or under
water. Male P3 was tracked circumventing anglers on
21 nights. On a further 14 nights he was found to be
active within 200 m of anglers. Although their pre-
sence often slowed his progress, only once were they
seen to be responsible for turning him back. On one
occasion, at sunset, this male was observed to swim
unseen past one group of young children, 4 bankside
anglers, one wading angler and a number of walkers,
besides gliding beneath a busy bridge where the river
narrowed and was only 15 cm deep.
On 3 August 1983, I began tracking male OT/3 in
Suffolk after it emerged at 1920 hours GMT (dusk
1948 hours GMT) and started swimming purposefully
upriver. This behaviour is quite different to that when
feeding is the main object, when the otter traverses a
particular reach several times over half an hour or
more. After I had radio-tracked him for 1650 m, I
decided to test his reaction to a person, such as an
angler, standing still on the bank, by walking to a point
ahead of him. I first observed his head as he swam
along the far bank at about 50-60 m distance. Very
shortly after, he obviously became aware of me
although I was stationary. Instead of turning back, he
crossed over to my bank and dived. I observed the
coloured radio-box passing by beneath my feet at less
than 1 m under water at 2016 hours GMT. The
radio-signal continued as he swam upstream on the
surface. Without the radio equipment, I would have
been unaware of his presence on the river. The
distance travelled that night was 7930 m, including a
stretch under a busy main road bridge, suggesting that
he had not been deterred at all from his original
intention to explore upstream.
Macdonald and Mason (1983) have noted that some of
the most expensive and carefully maintained game
fisheries in Britain, eg on the Rivers Wye and Severn,
are also the stretches of those rivers that are most
extensively marked by otters. The same could be said
for the Aberdeenshire River Dee (Jenkins & Burrows
1980). So, bank angling activity for game fish appears
not to affect otter presence and marking behaviour
adversely. On the other hand, although there was an
even distribution of otter signs in the spring on a
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tributary of the upper River Severn, within 2 weeks of
the opening of the coarse fishing season in mid-June
otters ceased using, or passed through without mark-
ing, the central section of the river where the fishing
rights were owned by an active angling club. An even
distribution of spraints was resumed at the close of
the fishing season in March (Macdonald  et al.  1978).
The difference may be due to the usually greater
density of coarse fishermen compared to that of game
fishermen. The last-named authors also observed that
anglers favoured the cut-back trees and stumps as
fishing sites, so probably deterring otters from using
the root systems for holts.
3.1.2 Boat anglers
A young male otter with a radio-harness was released
into Loch Leven (Fife) in early September 1985 by J
and R Green of the Vincent Wildlife Trust. Loch Leven
is intensively boat fished for trout, with 43 fishing
boats fishing for 3 sessions a day. However, the otter
avoided the boats by waiting for the opportune mo-
ment before moving. On one occasion, 2 boats were
seen to pass within 100 m of an island on which the
otter had a holt. He waited until they had both passed
before immediately swimming for the shore, unseen
by anybody on the boats (J Green, personal corn-
munication).
3.2 Reactions to angler-related disturbance
Angling is the most important recreational activity
occurring along rivers, as measured by the number of
people using that habitat. Sixty per cent of anglers
travel to their fishing sites by car (Natural Environment
Research Council 1971) and try to get their now heavy
tackle as close to that site as possible. Macdonald  et
al.  (1978) counted 159 cars parked by anglers along the
River Teme on Sunday, 11 September 1977. These
cars cause disturbance by noise and lights, too, if
arriving early and leaving late. Associated camping and
radios cause further noise and lights. Also, anglers
walk the river banks when moving to their chosen site.
The following collected examples, although not of
disturbance due directly to angling, give an indication
of the effect of this angling-related disturbance.
3.21 People walking along river banks
Nearly half of the known 29 resting sites used by male
P3 in Perthshire were subject to some disturbance,
usually by people walking by on the bank. Only on 3
occasions in the 98 days of tracking did the disturb-
ance cause the otter to move to other sites. On the
other hand, female P1 vacated an insecure holt within
minutes of it being approached by people (Green  et al.
1984).
On the evening of 20 July 1983 at 2000 hours GMT, I
had been observing the holt used during the previous
day by the radio-harnessed male OT/3 in Suffolk for 45
minutes. There had been no movement from or within
the holt, although 2 combine-harvesters had moved
down the farm track nearby. However, when I
26
approached the holt myself and stood on it, he moved
silently out and slipped down a dry ditch unobserved.
Weir (1984) noted changes in otter behaviour corre-
lated with high levels of human activity on the Norfolk
coast. During the peak holiday months of July, August
and September, otters appeared to restrict their activi-
ties for much of the time to the quieter parts of their
range and travelled less. Any sprainting sites in close
proximity to areas with intense human activity were
left unmarked at this time, although otters passed by
them. The same places were used as marking points
at other times of the year.
3.2.2 Noise and lights
Sharp and sudden noises cause instant flight to the
nearest water, as was noted by Weir (1984) when an
otter he was observing was disturbed by the noise of a
falling bicycle. Once in the water, the behaviour is
secretive for 20-30 min afterwards. An otter was
recorded as swimming 140 m underwater on the River
Stiffkey in Norfolk about 20 min after a firework display
had ended upstream. Another otter gave a similar
performance 30 min after 2 men had been shooting at
night near to the river. A third left Cley Marsh when
people were shouting 500 m away and swam the 110
m of the drain to the River Glaven underwater, after a
boat had passed the drain entrance (Weir 1984).
Continuous noises, even loud machinery noises, are
tolerated. Weir (1984) noted no disturbance from
continuous loud fair music to 2 otters on Cley Marsh.
Also, during July 1983, I have observed both female
and male otters (0T/1, OT/2 and OT/3) passing by a
continuously running tractor working an irrigation
pump only 10 m from the river bank. One couch used
by female P1 in Perthshire throughout one day was
situated under a pile of rhododendron  (Rhododendron
ponticum)  sticks on the verge of a busy main road
(Green  et al.  1984). Car headlights do not deter otters
from crossing roads at night, and otters appeared
oblivious to the village lights illuminating them on Cley
Marsh (Weir 1984). On the other hand, lights accom-
panied by talking may evoke the usual reaction of
swimming underwater to avoid detection. On the night
of 23 July 1983 at 2145 hours GMT, male OT/3 was
being radio-tracked in Suffolk as he approached a road
bridge close to a village. Although this road usually
bore little traffic, on this night a car with headlights on
was parked there with people talking. I observed the
otter dive as he approached the bridge and the faint 'V'
surface wash as he swam under before surfacing on
the downstream side and continuing his journey.
3.3 Reactions to other bankside disturbance
It would be unfair to suggest that anglers provide the
only disturbance to otters on waterways. The walking
of dogs, mink hunting, boats and bank maintenance by
Water Authorities all contribute. The effects of these
types of disturbance should be evaluated and com-
pared to that produced by anglers. Also, the ability of
the otter to cope voluntarily with urban situations gives
a useful indication of its tolerance to disturbance.
3.3.1 Dogs
There is strong evidence that otters regard dogs as a
higher potential danger than man. Although, as noted
in 3.2.1 above, male P3 showed only occasional reac-
tions to people walking near its resting sites, it reacted
adversely on 2 of only 3 occasions when dogs were in
close proximity. On one instance, the otter abandoned
the holt for 3 weeks, using a new site 200 m distant
(Green  et al.  1984). Similarly, with J Twelves I have
observed radio-harnessed otters on South Uist rolling
on seaweed couches and sleeping at mid-day,
apparently feeling secure within 100 m of people
digging peat and taking very little notice of them. This
behaviour changes immediately to alertness when a
dog barks at a nearby house. Otters abandoned a
favoured site for several months in Norfolk after a pack
of otter hounds passed through (Macdonald  et al.
1978).
3.3.2 Boats
There is little information on the reaction of otters to
boats, except that contained in Sections 3.1.2 and
3.2.2.
3.3.3 Riverside working activity
Weir (1984) observed that construction work on the
River Stiffkey sluices in Norfolk, involving heavy equip-
ment, considerable habitat change and taking place
-over a year, caused a large reduction in marking
behaviour at the site. Spraints were not found regularly
at that site again until 2 months after completion. On
the other hand, minor maintenance work, such as
cutting bankside vegetation, had no effect on otter
movements. Green  et al.  (1984) found that fencing
operations within 30 m of a holt occupied by female P1
caused no detectable effect on the otter inside, not
even causing any fluctuation in the radio-signal. Simi-
larly, tree felling over several days near to a holt
occupied by the same female only caused her to
abandon it when the foresters were directly overhead.
However, both these holts were deep and secure.
3.3.4 Otters in urban situations
Of 32 urban and rural resting sites used by male P3
and female P1 in Perthshire, 15 were situated within
250 m of human habitation, compared with 17 that
were 251-850 m distant. Thus, there was no evidence
that they deliberately chose sites distant from habita-
tion. In fact, the most frequently used of all 47 known
resting sites was a holt near a cafeteria with outdoor
tables. Journeys through the 2 towns and one village
within the range of male P3 occurred regularly, up to 4
times per week. A total of 39 urban journeys was
recorded during 98 days of monitoring. Urban activity
was observed from 30 min before sunset until 3 h after
sunrise, so occasionally occurred during periods of
human activity. In quieter sections of urban habitat,
such as gardens, he travelled on the surface. Else-
where, he travelled underwater, either in mid-current
or beneath overhanging vegetation. At such times he
was seldom seen, even by his trackers (Green  et al.
1984). Macdonald and Mason (1983) examined 50
5-km stretches of rivers in Wales and the west Mid-
lands. On these stretches they measured the effect of
2 features of potential disturbance: (i) the presence of
camp/caravan sites on the bank, and (ii) human settle-
ments, on marking by otters. Neither feature had a
significant effect on the intensity of marking with
spraints.
There are many examples of otters actually living in or
passing through very large urban areas. In Aberdeen
and Glasgow, Green and Green (1980) found spraints
in the suburbs, as did Chapman and Chapman (1982)
surveying in Dublin and Athlone. Macdonald and
Mason (1980) found spraints within the town of Ul la-
pool (Easter Ross), where otters scavenged from the
fish market and from moored fishing vessels. Two
regularly used holts were found well within town
boundaries in Wales and west Midlands (Macdonald &
Mason 1983). Two otters used to inhabit the Mill Pond
in Pembroke town (Sansbury 1957) and 2 pairs had
holts in the centre of York on the Rivers Ouse and Foss
for many years (Taylor 1956).
3.4 Differences between the sexes and at breeding
3.4.1 Differences between the sexes
Most of the radio-tracking work (Green  et al.  1984;
Jefferies  et al.  1986) has been carried out on males. It
is impossible to be sure of the sex of an unmarked
otter in the field, unless it is with cubs. Also, much of
the site marking with spraints is carried out by the
males (Green  et al.  1984; Hillegaart  et al.  1985) so
well-marked sites in towns are not necessarily occu-
pied by both sexes. Thus, one must be careful not to
form an opinion on the effects or non-effects of
disturbance on otters from information from one sex
only. Green  et al.  (1984) noted that male P3 was
markedly bolder than either female P1 or P2 and that
he often used disturbed habitat. One day he moved
voluntarily from undisturbed woodland to an urban
couch bordering a village street in daylight after 0900
hours. On the other hand, female resting sites were
invariably situated in the most secure habitat available;
female couches were covered with dense scrub,
whilst male couches were often exposed. Female
otters used twice as many underground holts (68%) as
surface couches (32%), whereas males showed the
reverse trend (couches 67%; holts 33%). Also,
females P1 and P2 tended to avoid areas of relatively
high disturbance. These factors suggest that the
female has a higher sensitivity to disturbance than the
male.
3.4.2 Breeding females
The holts I have seen that have been chosen and used
by the female to give birth and to rear her cubs are the
most secure and/or secluded of all holts, often in rock
clefts. Green  et al.  (1984) and Harper (1981) also refer
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to the security of breeding holts. Security is enhanced
by the reduction or cessation of spraint marking
around the area (Ostman  et aL  1985). All this suggests
that the female is most sensitive to disturbance at this
time, even that occurring some distance away from
the site. This suggestion is supported by the following
2 examples. (i) Weir (1984) noted that, when Salthouse
Marsh (Norfolk) was regularly shot over, a female otter
with cubs had never been known to lie up there,
always preferring the neighbouring Cley Marsh Nature
Reserve. However, when shooting ceased in 1969—
70, a female with cubs was lying up on the marsh
more often than it was using Cley. Salthouse was then
quieter than Cley. When shooting resumed, otter
families were no longer recorded there. (ii) On 30
October 1981 at 1220 hours GMT. I was observing a
radio-harnessed male otter near Loch Carnan, South
Uist, with J Twelves and A Mitchell-Jones. This animal
swam to where we were partially concealed and then
came ashore only 7 m away, having caught a butter-
fish  (Pholis gunnellus)  which he proceeded to eat. At
this point, we noticed that a second otter had followed
him across the loch. The second otter, which we took
to be a female from what followed, was much more
wary and noticed us immediately. After making the
usual aggressive 'huffs', it came ashore to make sure
of us before diving and swimming back to the island
from which it had come. The male, after coming within
2 m of us without alarm, then walked away. The
female entered a secure rock holt, some 130 m away,
and brought out a single, very young cub. Her concern
that we were so near to the breeding holt caused her
to move this cub out of sight around the headland. The
cub could not swim more than 2 m before resting on
the beach, so progress was slow.
On the other hand, it must be said that there are
several examples of females producing and rearing
cubs in disturbed situations. A litter of otter cubs was
reared in a holt below one of the busy main jetties at
the Sullom Voe Oil Terminal on Shetland (Berry 1985).
Otters regularly raised a family within the York city
boundary, using an old drain near Ouse Bridge (Taylor
1956). At Horsey Staithe in Norfolk, 2 otters with 3
cubs using the Mill Dyke were said to take no notice of
the millman, even sitting on his boot (Banham 1966).
4 Various other interactions
4.1 Fish traps
Underwater fish traps and nets such as eel fykes set in
fresh and brackish waters in Britain are known to have
caused the drowning of at least 48 otters in the 9 years
from 1975 to 1984 (Jefferies  et al.  1984a). Most of this
activity is commercial fishing for food, but some fykes
and traps are set to catch fish because of angling
interests, either to catch coarse fish for relocation or to
remove predators.
4.2 Fish farms
The majority of game fish farming is done for the table,
but some is to provide fish for release for sporting
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purposes. One problem of concentrating fish in a small
volume and siting them near otter-inhabited rivers and
coasts is that they form an 'obvious attraction for all
aquatic predators. Problems arise when the owner
wants to trap, remove or kill otters from the neighbour-
hood. Such a site could then become a form of 'sump
and drain', continually attracting otters to an empty but
good fishing area and then removing them.
4.3 Habitat modification
Some modification of the habitat occurs wherever
anglers need to get to the water side, ranging from
removal of the emergent vegetation and the formation
of a bank 'notch' every 7 m or so, to the removal of
trees to provide space for casting. Cover is essential to
the otter and the roots of bankside trees provide holts.
4.4 Night angling
Otters are largely nocturnal on mainland Britain, par-
ticularly in the south. Those radio-tracked in Perthshire
and Suffolk in the studies noted above usually
emerged within an hour of dusk, with emergence
times changing with dusk times (Green  et al.  1984;
Jefferies  et al.  1986). This behaviour may be a long-
term reaction to continuous daytime disturbance.
However, Jenkins (1980) concluded from his observa-
tions at Dinnet Lochs (Aberdeenshire) that otters were
mainly nocturnal when at low population densities and
much more diurnal when numbers were high. This
conclusion would certainly fit with the observation that
otters may be seen most often in daylight in the
Northern and Western Isles, where density is high.
Normally, largely nocturnal activity would tend to re-
duce the contacts between people and otters. On the
other hand, it suggests that those areas where night
fishing for carp  (Cyprinus carpio)  or sea trout  (Salmo
trutta)  is practised on the mainland may be the places
where interactions with otters are most likely to occur.
4.5 Fishing tackle and direct interaction
Pike (1950) referred to an occasion when an angler,
who was fishing for pike  (Esox lucius)  with a live bait,
caught an otter that had become hooked after taking
the bait. Also, Reynolds (1985) has noted finding a
large fish hook in the stomach of an otter road casualty
from Orkney.
5  Conclusions
The available information shows that, generally, the
otter is indeed very shy in that it takes great care to
remain unobserved by humans. However, it is known
to use intelligent means of getting round forms of
disturbance rather than retreating from them. The
usual method is either to use dense cover or to swim
underwater, depending on what is to be traversed.
With a maximum diving time of 31/2min (Jefferies  et
al.  1984a), and a swimming speed of 1472 rn/hour
(Jefferies  et al.  1986), an otter may be able to cover
around 80 m underwater before surfacing again, which
would suffice for avoiding most problems. The fact
that the otter is largely nocturnal on the mainland
(Green  et al.  1984) helps in this concealment. Using
concealment, the otter will pass through towns and by
anglers. Continuous noises, even loud machinery
noises, and lights are tolerated, but sharp and sudden
noises cause instant flight and secretive behaviour
within that area for at least 20-30 min afterwards.
People are tolerated quite close to holts, particularly if
the latter are felt to be secure. Dogs, on the other
hand, are not tolerated and will cause immediate
withdrawal. By the areas they frequent and the shel-
ters they choose, the females appear to be less
tolerant of disturbance than the males. Females with
cubs are not tolerant of disturbance at all. Much of the
marking by otters on busy waters may be by males.
The above suggests that disturbance may not be the
problem to otters that was at first envisaged, at least
where there is sufficient cover left for them to move
about secretly. If disturbance increases and cover is
decreased, it seems likely that, at present densities,
the otter would retreat from the disturbed area and
would feed elsewhere, which could effectively reduce
the area available for inhabitation by otters, and so
presumably control the population size. On the other
hand, in certain situations, such as the Northern and
Western Isles, where otters live a semi-marine exist-
ence, at much higher densities than on the mainland,
and are active throughout the daylight hours, they
appear to be able to get accustomed to high disturb-
ance levels and live close to people. This adaptability
may be a necessity and a result of high population
density. However, there is insufficient information to
show how representative this behaviour is and
whether otters would behave similarly in the rivers
of the south, if the population ever reached such
densities.
Otherwise, the main problem from disturbance would
appear to be the potential effect on breeding females.
Sufficient quiet and secure places are required to be
protected to enable the otter to rear cubs in seclusion.
The Wildlife and Countryside Act 1981 makes it illegal
to disturb such places intentionally, but cannot protect
them from accidental disturbance. Fortunately, most
of the places I have seen used by breeding otters are
away from main rivers and so overgrown as .to be
unlikely to be used by anglers. Otters can and do breed
in every month of the year (Stephens 1957), so none of
the anglers' close seasons provides much benefit in
terms of a reduction in potential disturbance.
Anglers are no different to any other group using the
river banks when it comes to causing disturbance,
except that they form the majority of such people and
are present for much of the year, even in winter. On
the other hand, the evidence suggests that standing
people would, in fact, produce less disturbance than
those walking or exploring, in that they are easy to
observe and pass and they disturb a shorter distance
of waterway. They provide much less disturbance than
people walking their dogs.
With regard to the other interactions mentioned in
Sections 2 and 4: (i) it is unlikely in these more
enlightened times that the killing of otters (now illegal)
to protect fisheries is going to be the important
mortality factor in the future that it was in the past
(although it may still occur); (ii) research is in progress
at the moment to find methods of excluding otters
from fish traps without impairing their efficiency; (iii)
fish farms can deter otters by the use of guard dogs or,
in certain places, electric fencing; (iv) the habitat
modifications and cover removal carried out by Water
Authorities to improve drainage far outweigh those
made by anglers (Macdonald 1983); (v) although,
when night fishing, humans have lost the use of sight
and so are less observant, anglers are just as obvious
to the otter as they would be in daylight and just as
easily avoided; (vi) finally, I do not think that such direct
interactions as mentioned in Section 4.5, or the con-
sumption of fish bearing old hooks, have happened
very often, as I have never found any evidence in the
bodies of any of the 80 otters I have dissected.
On the positive side, anglers are always vigilant for
pollution incidents and form a powerful lobby for
cleaner rivers. Pollution is thought to have been the
main cause of the otters' decline (Chanin & Jefferies
1978) and is still of concern in fresh waters (Jefferies
1985). After short-term pollution incidents, such as
those causing deoxygenation, waters are restocked
for angling, coincidentally ensuring a food supply for
the otter. An adult otter consumes about 1 kg of fish a
day (Stephens 1957) but, as it takes it from around 25
miles of waterway (Green  et al.  1984; Jefferies  et al.
1986), the effect is negligible. Otters and anglers can
co-exist in peace.
6 Summary
Angling interests, and the consequent heavy pressure
of predator control, were one of the main causes of
the reduction of the otter  (Lutra lutra)  population during
the 19th century. As with other carnivores, they
appear to have regained their numbers during the first
half of the 20th century with the reduction in 'keeper-
ing. This improvement was followed by the sudden
and catastrophic crash in the British otter population
starting in 1957-58, which occurred simultaneously
over most of the country but was most severe in the
south and east. Analysis of the available information
does not implicate angling, disturbance or fishing
interests generally as the main causative agents of this
recent and continuing decline. The otter is apparently a
shy and secretive animal, difficult to watch and study.
Knowing this, conservationists have been worried
about the increasing disturbance caused by the grow-
ing use of waterways for pleasure boating and angling.
However, examination of sighting and survey data
suggests that these early fears may have been ex-
aggerated and the tolerance level higher than originally
thought, at least where there is sufficient cover left for
otters to move about secretly. Also, the use of radio-
transmitters and the tracking of male otters through
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actual disturbance situations have supported this con-
clusion by demonstrating how they react and how they
cope with people and their machines, largely by swim-
ming underwater. There is less information on females
which appear to be more sensitive, particularly when
with cubs. Thus, the main problem from disturbance
appear to be the potential effect on breeding
females. Sufficient quiet and secure places must be
protected to enable the otter to rear her cubs in
seclusion.
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Habitat modification associated with freshwater angling
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1 Introduction
Freshwater angling is a major and economically
important leisure activity in the British Isles. In 1980, it
was estimated that there were 2.8 million freshwater
anglers in England. Wales and Scotland: 0.7 million
fished for game or salmonid species, and 2.1 million
fished for coarse fish or non-salmonid species
(National Opinion Polls 1980).
In recent years, growing concern has been expressed
by various groups about the impact of anglers and
angling activity on wetland habitats and their associ-
ated wildlife (Mills 1979; Edwards & Bell 1985, 1987).
The game and coarse fish species of recreational
importance are widely distributed in England, Wales,
Ireland and Scotland (Maitland 1972). Freshwater
angling occurs on the majority, if not all, of the linear
and enclosed freshwater habitat types in Great Britain,
including rivers, streams, canals, dykes, drains and
ditches, lochs, tarns, lakes, ponds, pools, flooded
gravel pits and reservoirs. With up to one million angler
visits being made each week to these habitats during
the open fishing seasons for coarse and game fish
(National Opinion Polls 1980), and with various en-
vironmental modifications being undertaken by angling
and fisheries management organizations, the concern
about habitat modification is not surprising.
In contrast to other forms of outdoor recreation, the
ecological effects of which have been the subject of
considerable research (International Union for the Con-
servation of Nature and Natural Resources 1967;
Satchell 1976; Salanki & Biro 1979; Tivy & O'Hare
1981), the impact of freshwater angling on the environ-
ment has been poorly studied.
In this paper, habitat modifications associated with
freshwater angling activity and fisheries management
practices on angling waters are examined.
2 Habitat modification due to angling activity
Habitat modification due to angling activity occurs
because of the desire of anglers to gain access to and
exploit a desirable fishery resource. Angling activities
that can lead to habitat modification can be divided into
2 groups (Liddle & Scorgie 1980): those that are
undertaken deliberately, and those that are inadvertent
or accidental. The clearance of bankside vegetation
along with the digging out of banks is frequently
undertaken by anglers, particularly at coarse fisheries,
to improve rod and line access and to create comfort-
able fishing positions to lay out their equipment. Liddle
and Scorgie (1980) describe a section of the River
Ouse near Huntingdon where, adjacent to an anglers'
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access track, some 30% of the bank vegetation had
been modified from tall bank species to a short sward
of perennial rye-grass  (Lolium perenne),  smooth
meadow-grass  (Poa pratensis),  greater plantain  (Plan-
tago major)  and knotgrass  (Polygonum aviculare). At a
distance of 300 m from the track, 20% of the banks
were similarly affected. Plant species diversity was
found to have increased in this study, but the frag-
mentation of the bankside vegetation continuum is not
usually beneficial to river corridor wildlife. In rural
areas, anglers who drive to and park adjacent to water
areas can create rough roads across the countryside
and flatten bankside vegetation. The impact of ve-
hicles on the terrestrial environment has been de-
scribed in detail by Tivy and O'Hare (1981), and thus is
not considered here. The impact of anglers' vehicles is
similar to that of other vehicle operators on the same
terrain. Dense footpath networks may be created by
anglers walking along or around the banks of a water-
body. In creating such access routes, vegetation is
trampled and bushes, shrubs and trees may be physi-
cally damaged, with low branches being broken off.
Rees and Tivy (1978) describe the impact of anglers
and other recreational users on Scottish lochshore
vegetation in producing 'Indian file' tracks some 0.2—
0.5 m wide through reedswamps. Typically, such
footpaths ran parallel to the shore at the junction of 2
different plant communities; vegetation on either side
of the paths was little affected (Figure 1). On little-used
paths, reed  (Phragmites australis),  reed canary-grass
(Phalaris arundinacea),  reed sweet-grass  (Glyceria
maxima)  and sedge  (Carex  spp.) were only slightly
damaged, whilst on medium-use paths these species
were replaced by harder-wearing species including
bent  (Agrostis  spp.) and meadow-grass  (Poa  spp.),
amphibious bistort  (Polygonum amphibium),  knotgrass
or forget-me-not  (Myosotis  spp.). The heavily used
paths largely consisted of bare substratum and occa-
sional invading species. Rees and Tivy (1978) also
characterize the relative trampling susceptibility of
different lochshore species. In general, the taller gras-
ses and other emergents growing on wet substrates,
eg  Phragmites,  were more susceptible than shorter,
tougher plants found higher up the shore, eg  Carex
spp.
Sukopp (1971), who studied the impact of intense
recreational use of the shores of the Berlin Havel River
system, noted that on this particular system anglers
had only a relatively small impact on the shoreline.
Other recreational users, particularly boaters, bathers
and swimmers at densities of up to 9 people per metre
of bank, had caused the loss of one-third of the fringing
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smothered in fine particulate matter which may have a
detrimental effect on photosynthesis and feeding
respectively.
Where boats are used for fishing, their launching,
movements, anchoring, mooring and landing can
erode banks and damage aquatic and marginal vegeta-
tion. Descriptions of such effects can be found in
Sukopp (1971) and Rees and Tivy (1978), and are
summarized by Liddle and Scorgie (1980).
Occasionally, anglers' hooks and other tackle get
entangled in aquatic vegetation. It is likely that the
extent of plant uprooting caused by anglers extricating
tackle is relatively small in most situations, and more
usually the angler loses the entangled tackle. The
habitat effects of angler groundbaiting, deposition of
litter and tackle loss can be considerable, and are
discussed elsewhere in these proceedings. Another
form of habitat modification from angling activity can
occur when toilet facilities are lacking; angler fouling
(urinating and defaecating) can lead to amenity prob-
lems and artificial eutrophication, particularly of remote
oligotrophic waters. For this reason, angling is banned
at many reservoirs because of possible public health
risks resulting from contamination of the supply of
drinking water.
From the preceding paragraphs, it is evident that
angling activity probably causes more detrimental than
beneficial effects. The principal environmental compo-
nent affected by angler activity is vegetation, and in
particular the reedswamp plant community, which is
especially valuable for the provision of shelter, food
and breeding habitats for other wildlife, including birds,
mammals, amphibians and invertebrates.
The degree of habitat modification due to angling
depends on the type of waterbody and the abundance
of vegetation in and around that waterbody. Generally
small, narrow or shallow, vegetation-rich natural water-
bodies are more prone to habitat modification due to
angling than large, wide or deep, vegetation-poor
artificial waterbodies. Figure 2 provides a summary of
the impacts of angling activity on different habitat
types. Natural lowland waterbodies with soft margins
1. Lowland rivers/lakes
2. Canals/other
'hard-margin' waters
3. Upland stony rivers,
lochs, reservoirs
Marginal
vegetation
abundant
sparse
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and abundant reedswamp, subject to particularly high
intensities of coarse angling, may be particularly sus-
ceptible to damage, compared with an upland salmon
river, with little emergent vegetation and stony sub-
strates used by relatively few, more mobile, game
anglers. In the more vulnerable habitats used by
coarse anglers, the spring close season is probably of
considerable importance in minimizing the impact of
anglers at a phase of the plant growth season when
vegetation is particularly vulnerable to damage. The
resulting benefit to nesting waterfowl and spawning
fish probably reinforces arguments in favour of the
continuation of the coarse fishing close season. Where
rainbow trout  (Salmo gairdneri)  fishing is permitted
during the close season, this protection is removed
and increased modification of bankside vegetation
communities probably results.
In considering the habitat modification caused by
angling activity, it is important to note that one environ-
mentally insensitive angler may cause greater modi-
fication than numerous environmentally conscious
anglers, and, as demonstrated by Sukopp (1971), other
water-based recreational activities are also a potential
cause of habitat modification.
3 Habitat modification due to angling management
and fishery management practices
Habitat modification due to angling management and
fishery management practices results from the desire
of riparian owners or angling organizations to improve
or restrict access, or to manipulate the fishery so as to
improve fish production and anglers' catches. As few
waters have ideal access or are consistently naturally
productive, many angling venues are so managed.
3.1 Management practices to improve or restrict angler access
At remote fisheries sites (particularly where poaching
is a problem), measures to restrict access and increase
security are often introduced, and may also improve the
perceived angling quality of the site and its economic
value. To install fences and gates, vegetation may
have to be cleared and this can have a detrimental
effect on associated wildlife. In contrast, the introduc-
tion of brambles  (Rubus fruticosus),  hawthorn  (Cra-
Coarse
angling
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Figure 2. Hypothesized trends in habitat impact associated with different types of angling and vegetation,
in relation to type of freshwater habitat
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In the United States, Hunt (1968) recorded equally
dramatic beneficial effects from the addition of bank
cover and current deflectors to a trout stream. Brook
charr  (Salvelinus fontinalis)  numbers, production,
standing crop and yield increased by 156%, 17%, 78%
and 196% respectively, following the installation of
habitat improvement devices.
On enclosed waters, different types of habitat im-
provement devices are used. Fish-attracting and
sheltering structures such as tyre or brushwood reefs
are frequently introduced to large deep waterbodies
such as reservoirs. These structures have the effect of
concentrating fish and increasing the fish-holding
capacity of these otherwise barren waterbodies
(Parker et al.  1974).
3.2.2 Chemical manOulation
Many types of procedure are used, in different types
of fishery waters, to modify their chemical characteris-
tics. These measures fall into 2 broad categories —
those aimed at restoring a degraded aquatic eco-
system to a point where a viable fishery is supportable,
and those designed to improve or alter chemical
conditions in an existing fishery, eg to maximize fish
production.
3.2.2.1 Procedures of habitat restoration
Two examples of techniques falling under this heading
are discussed here. In recent years, interest has
increased in the problem of acidified waters (pH
4.0-5.0) located typically on hard, acidic rock catch-
ments (eg granite) in upland areas, receiving highly
acid precipitation. These waters are characteristically
fishless, or support only low populations of small trout
(Brown 1982; Harriman & Morrison 1982). One ameli-
oration technique is to increase Ca2± concentration
and pH, by the addition of lime or other calcareous
materials to the system or its catchment (Hultberg &
Andersson 1982; Lindmark 1984). Such treatments
have been applied to the catchments of acid lochs,
such as Loch Dee in Galloway, Scotland (Burns  et al.
1984) in recent years, with the intention of improving
habitat conditions for salmonid breeding and survival,
and have had broadly encouraging results.
In stratified hypertrophic lakes, or other systems in
which dissolved oxygen availability is low, aeration
techniques are an important habitat restoration pro-
cedure. It may be on an emergency basis (as in
streams suffering sudden heavy organic pollution from
silage effluent, many cases of which occurred in the
area of the Clyde River Purification Board, in southern
Scotland, during 1985). Alternatively, aeration may be
part of a planned 'habitat rescue' operation, using large
in situ pumps, to turn over or re-aerate waters of low
oxygen status (Irwin  et al.  1966; Lorenzen 1977a,b).
Recent work has suggested that aeration may also
have modifying effects on aquatic plant growth.
Cooley  et al.  (1980) suggested that the growth of the
submerged macrophyte  Hydrilla verticillata was re-
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duced by approximately 20% by an experimental
aeration treatment, whilst nutrient regeneration from
aquatic macrophytes into the water column may also
be influenced by  aeration (Ogwada  et al.  1984). Laing
(1979) claimed that, in combination with the usage of a
phosphate-precipitation agent, aeration could signi-
ficantly reduce submerged growl-- treated waters.
Aeration has furthermore beer/reported as increasing
the efficacy of diuron treatments against filamentous
algae in fish hatchery ponds (Kirby & Shell 1976). The
precise mechanisms of these effects in aquatic plant
habitats are poorly, if at all, understood, but aeration
does show evidence of acting as a general synergist of
aquatic weed control measures.
3.2.2.2 Habitat modification procedures influencing inorganic
nutrient status of fishery waters
Fertilization, involving the addition of organic material
(such as chicken manure) or inorganic fertilizer, is
widely used to boost the productivity of fish, such as
Carp  (Cyprinus carpio),  in ponds and other standing
waters in Europe (Wolny 1967). Nutrient-rich systems
which may naturally support approximately 280-560
kg/ha/year of carp in ponds (Schaeperclaus 1933) may
be boosted, by such additions, to 600-800 kg/ha/year
carp production (Bregazzi et al.  1984). The increase in
trophic status implied by such alterations to the chemi-
cal regime of treated ponds tends to be associated
with quite marked alterations to both the algal and
macrophyte communities of the waterbody (Vollen-
weider 1968; Newbold & Palmer 1979), and to the
animal populations supported by the plant community.
Although fertilization is not at present widely used to
boost carp production in British waters, recent work
(O'Grady & Spillett 1981; Bregazzi  et al.  1984) sug-
gests that there is a large untapped potential in
southern British waters for such habitat alteration.
In contrast to fertilization procedures, nutrient strip-
ping or nutrient immobilization techniques have been
widely advocated on a more general basis to reduce
the perceived problems of cultural eutrophication in
fishery waters. An increase in plant nutrient availability
associated with eutrophication is often blamed for
increasing weed problems in waterbodies (Casey &
Westlake 1974; Thomas 1978). It has consequently been
suggested that limitation of major nutrient (N,P,K) con-
centration within the waters/sediment of a eutrophic
system might limit plant growth (Dobolyi & Herodek
1980). The use of nutrient control agents (eg phosphate-
precipitation agent CaSO4:Al2:(SO4)3:H3B03) has
been propounded (Martin  et al.  1971; Laing 1979) for
this purpose, as have various other techniques for
nutrient stripping (using tertiary water treatment pro-
cedures) from point source inputs such as sewage
outfalls. As techniques that may improve the site for
wildlife as well as the fishery status of the treated
system, such procedures are probably largely bene-
ficial in their effects.
3.3 Biological manipulation
Discussion of the forms of biological manipulation
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which may be applied to freshwater fishery habitats is
limited here to the vegetation components of the
ecosystem. Other aspects, such as predator control,
are covered elsewhere in these proceedings. Vegeta-
tion management is a widely practised form of habitat
management used in fishery waters, and may involve
(i) reducing or increasing the overall quantity of vegeta-
tion present; or (ii) altering the structure of the aquatic
plant community.
The aims of such habitat modification are typically one
or more of the following.
i. To improve an angler's physical access to the
water (for himself, his boat, or his line).
ii. To increase the level of habitat support offered to
fish populations.
iii. To reduce the mortality risk for fish populations,
eg providing shelter from predators in dense
weed beds (Savino & Stein 1982), preventing low
night-time dissolved oxygen levels, associated
with the high net respiratory oxygen demand of
dense weed growths during summer conditions
(Brooker et al. 1977).
iv. For reasons of amenity (improving the aesthetic
appearance of a fishery), or tradition ('we've
always cut the weed').
Although excessive 'weed' growth is generally con-
sidered undesirable by anglers (Murphy & Eaton 1981),
a moderate degree of plant cover is nearly always
considered a valuable asset, in almost all types of
freshwater fisheries (Bouquet 1978). Indeed, in certain
fly fisheries, plant growth is considered indispensable
(Wright 1973), because it harbours the nymphs and
larvae that make the fishing technique possible. Higher
plants, especially water-crowfoot (Ranunculus spp.),
are particularly important in this context in chalk and
limestone streams, lowland pasture streams, trout
ponds, and small lakes or lochs. The epiphytic micro-
organisms present on the leaves and stems of aquatic
plants provide food for the invertebrates, which are in
turn used as a major food resource by salmonids in
such waters. In faster, rocky streams (eg upland and
trout riyers), nymphs of insects (eg Ephemeroptera;
Plecoptera) are primarily associated with the mosses
and algae attached to the stones.
Coarse fisheries, too, undoubtedly benefit from the
cover and increased invertebrate food supply provided
by macrophytes, as well as from the provision of
spawning sites in weed beds, for species such as
roach (Rutilus rutilus) (Marshall & Westlake 1978;
Keast 1984). Northcott (1979) showed the importance
of aquatic plants in providing crustacean zooplankton
as food for young roach. In static or slow-flowing
waters, vegetation may particularly influence the over-
all structure of the invertebrate community (Dvorak &
Best 1982; Scheffer et al. 1984). The attitude to
vegetation management of chalk stream trout fish-
eries, paraphrased below from Wright (1973),
summarizes an optimum approach to aquatic plants in
freshwater fisheries management: '. . . the good
manager looks on weed beds as essential regulators
of currents, giving both fast- and slower-flowing areas.
He plants and weeds as appropriate . . . controls the
amount of bankside vegetation to give shelter to fish
and camouflage to the angler, and to minimise erosion.
He also recognises the aesthetic value of aquatic
plants in their own right as part of the river eco-
system'.
3.3.1 Planting of aquatic macrophytes
In fishery waters deficient in macrophyte cover, plant
management may involve the direct encouragement
of macrophyte growth. The techniques are essentially
long-established, but have re-emerged in Britain in
recent years for economic as well as environmental
reasons. Emergent macrophytes planted to control
erosion (Bonham 1980), for general amenity reasons
(Kelcey 1978), or directly for fisheries management
purposes (Shireman et al. 1983), are all likely to
improve the level of support for fish and other wildlife
within the waterbody. Willen Lake, a balancing lake
constructed in Milton Keynes, England, during the
mid-1970s, is a typical example of an aquatic habitat
used for a wide range of water-based recreation,
including coarse angling, in which both submerged and
emergent macrophyte plantings have been under-
taken. Kelcey (1981) described some of the problems
encountered in relation to the planting programme,
which included the loss, by theft, of the attractive
white water-lilies (Nymphaea alba), and the outcom-
petition of the planted submerged species by an
aggressive invasive growth of Canadian pondweed
(Elodea canadensis) in 1978. The resulting weed prob-
lem forced the managing authority to attempt sub-
merged weed control measures, using the herbicide
dichlobenil, in 1979-80. This action, in turn, produced a
situation, undesirable in amenity, wildlife conservation
and fishery support terms, of dominance by blue-green
and filamentous green algae of the lake in 1981.
Planted emergent macrophytes were established
more successfully, but this case history shows some
of the difficulties of managing aquatic vegetation to
increase the diversity and abundance of the macro-
phyte community.
In the canal system of Great Britain, now used princi-
pally as a recreational and leisure resource (British
Waterways Board 1980), the role of aquatic and bank-
side vegetation in improving both the level of amenity
and of habitat support for wildlife is well recognized
(Hall 1987). Angling is a major leisure use of the canal
system, alongside pleasure-cruising (Inland Water-
ways Amenity Advisory Council 1975; Stabler & Ash
1977). Both anglers and conservationists appear to
agree reasonably well with the British Waterways
Board's (1981) practice of maintaining a moderate
growth of aquatic vegetation in, and along the banks
of, most canals, providing support for fish populations
and wildlife, and improving the visual appearance of
the watercourse (Murphy & Eaton 1981; Murphy et al.
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ripariai •nto  woven geotextde 'pocket' fabric for canal
bank protection and habitat improvement purposes
(Photograph British Waterways Board)
In comparison with the alternative measures  eg steel-
piling) !or bank protection in canals heavily used by
boat traffic, such techniques offer a major improve-
ment in Madre support terms over the environmental
stenkty of a hard-edged waterway.
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Figure  3.  Hypothesized effects of weed clearance on
the relationship between macropnyte community
diversity, biomass and hydroseral succession. tx y •
weed clearance phase; y z . recovery phase. to
earlier successional stage; Q. point of maximal diver-
sity reached during early phase of recovery of vegeta-
tion.] See text for further details (source: Lewis &
Williams 19841
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ton. Such habitats as the Lincolnshire drainage ditches
annually treated with dichlobenil, described by Harbott
and Rey (1981), may be dominated by Cladophora
glomerata or other algae, and support poorer inverte-
brate communities than ditches treated less frequent-
ly, using less efficient weed clearance procedures.
3.3.3 Physical weed control
Weed cutting is probably the oldest, and still the most
widely used, of all aquatic weed control measures. It is
typically carried out manually, using scythes or other
tools, or mechanically, eg by specialized weed-cutting
boats (Price 1981). Manual methods are slow, labour-
intensive, and expensive, but are well suited to small-
scale operations. It is easy to leave 'bars' of weed
uncut (a common practice in chalk stream manage-
ment (Birch 1976)), or otherwise manipulate plant
growth as required (Soulsby 1974). Because not all the
vegetation present is removed, regrowth is rapid.
Dawson (1976a) has shown that in water-crowfoot
streams, cutting stimulated the total annual vegetative
production of the plant community, rather than causing
any net reduction.
Weed cutting, of course, produces a degree of habitat
disturbance, influencing non-target organisms as well
as the target plants. Rabe and Gibson (1984) showed
that the removal of submerged plants from a shallow
lake caused a loss of substrate, food and shelter from
predators, the net result being major changes in the
distribution of invertebrate species.
In Danish streams, manual cutting of weeds was
noted to cause a sharp increase in downstream drift of
the shrimp Gammarus pulex (Kern-Hansen 1978), and
may also directly influence fry m-Ortality (Mortensen
1977). Swales (1982), however, suggested that it is
difficult to separate the direct effects of weed clear-
ance operations on fish populations from natural
fluctuations in population density. Removal of weed to
which spawn is attached, during spring in particular, is
obviously potentially harmful to fish population recruit-
ment. The effect of weed removal can also be indirect-
ly damaging to non-target organisms. For example,
weed removal from a river may result in a lowered
water level, exposing spawn laid in the marginal
shallows to the air, and increasing egg mortality rates
for breeding populations (Mills 1981).
Mechanical cutting usually produces greater environ-
mental disturbance than manual cutting. The scale
both of this short-term disturbance and of longer-term
habitat modification depends on the intensity and
timing of the clearance operation. De Lange and van
Zon (1978) suggested that relatively mild environmen-
tal impacts were associated with weed cutting (and
also with the herbicide diquat). In Dutch drainage
ditches, clearance during the summer months tended
to improve the 'biological quality' (objectively assessed
in terms of vegetational structure) of the aquatic
habitat. An appropriate weed management regime of
this type can effectively maintain the plant community
at point 'Q' in Figure 3, ie a high diversity/low biomass
plant community. Other forms of mild ecological
'pressure', such as a low density of boat traffic in a
canal (Murphy & Eaton 1983), may have a similar
effect on the vegetation, by maximizing the number of
niches for plant species available within the aquatic
ecosystem.
Dredging or other physical weed control measures
that remove sediment and below-ground plant organs
as well as plant foliage tend to be associated with a
greater degree of habitat modification than straightfor-
ward cutting (Pearson & Jones 1975). Benthic inverte-
brate communities as well as open-water and epiphy-
tic organisms are directly affected. George (1976)
observed that the diversity/abundance of macro-
invertebrates in dredged ditches was very closely
related to stages of recovery of the plant community
post-dredging.
Fish may also be trapped in the mass of plants
removed by weed dredging operations. A study carried
out in the USA (Halleret al. 1980) suggested that the
'replacement value' of fish destroyed by weed remov-
al operations in a 65-ha lake during 1977 was as much
as US$410,000.
Overall, although physical weed clearance in angling
waters has a number of fairly well-documented short-
term effects on habitat modification, the impact on the
aquatic ecosystem is probably small in the medium to
long term. A well-designed and correctly implemented
weed control regime carried out for fisheries manage-
ment purposes probably has a fairly mild impact on the
wildlife and conservation value of a waterbody, and
may be positively beneficial under certain circumst-
ances.
3.3.4 Chemical weed control
Up to 1985, only a small number of herbicides had
been approved for use in or 'near' fresh waters in
Britain (Ministry of Agriculture, Fisheries & Food 1979)
under the Pesticide Safety Precautions Scheme
(PSPS) (Tooby 1978). The principal formulations used
on submerged weeds are diquat (diquat-dibromide, a
liquid formulation, and diquat-alginate, a gel formula-
tion), dichlobenil and terbutryne (granular formulation).
Emergent or marginal weed control mainly involves
the use of dalapon, 2-4-D and glyphosate, all applied as
liquid sprays (Plate 9).
In comparison with physical weed control measures,
herbicides probably show, overall, a somewhat greater
degree of direct impact on the aquatic habitat. The
differences are:
i. herbicide treatment involves the deliberate intro-
duction to the aquatic ecosystem of a toxin, of
varying degree of toxicity to target and non-target
organisms;
ii. plants are killed and decay in situ, leading to an
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3.3.5 Biological weed control
Direct biological control of aquatic plant growth using,2.0 in particular, herbivorous fish such as the grass carp(Ctenopharyngodon idella),  a species native to north-
1-0 ern China, has been under investigation in Britain since
the 1960s. One reason for the slow progress of the
research has been that a number of problems, poten-
100 200 300 tial or real, required detailed investigation before any
release of an organism with the potential to causeTime (h) gross habitat modification could be contemplated.Figure 4. Effects of terbutryne treatment (arrowed at
 Primary among these considerations was the question169 h after treatment) of Canadian pondweed
 (Elodea of whether the fish would be able to breed in British
canadensis)  (x) and rigid hornwort  (Ceratophyllum de- waters but this now appears unlikely (Stott  et al.  1971).
mersum) (0)  on: A. oxygen concentration, B. counts of
 Populations of the fish, artificially bred, can therefore
viable bacteria, in an experimental microecosystem.
 be used and controlled fairly easily, but are not a(source: Wingfield & Bebb 1982)
 panacea solution to weed problems in fishery waters.
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Figure 5. Effects of cyanatryn on swimming activity in
Daphnia pulex  (source: Scorgie & Cooke 1979)
The problem is more one of minimizing the indirect
side-effects of herbicide treatments, such as deoxy-
genation. One solution may be to limit the use of
herbicides to partial treatment of a fishery. This limited
use is relatively easy with emergent treatments,
where the spray can be applied only to those areas of
the reed bed where it is wanted. Dalapon has been
used in this way in Nature Reserves, such as the Ouse
Wash Reserve of the Royal Society for the Protection
of Birds, to clear out areas of open water in dense
reedswamp vegetation for waterfowl. The gel formula-
tion of diquat-alginate has also proved suitable for this
purpose, on submerged plants, in standing and flowing
waters (Barrett & Logan 1982; Barrett & Murphy
1982). Other options to minimize the environmental
impact of treatment include treating at less sensitive
times of year: glyphosate, for example, may be applied
to branched bur-reed
 (Sparganium erectum)  in early
autumn, causing a very natural-looking dieback of the
plants and preventing (because it kills the rhizome
system) regrowth in the following season (Eaton  et al.
1981).
Difficulties include the following.
i. The grass carp is a selective grazer (Fowler &
Robson 1978), preferring tender foliage, such as
that of Canadian pondweed, to tougher mac-
rophyte species such as fan-leaved water-
crowfoot  (Ranunculus circinatus), which survived
even high grazing pressure by grass carp in
Dutch polder waterways. This fact leaves open
the possibility of shifts of weed species as a
result of the use of grass carp, with one weed
problem being substituted by another less sus-
ceptible to the new control regime. Also likely are
effects on epiphytic invertebrate communities
(van der Zweede 1982).
ii. Because the grass carp has a relatively short gut,
only some 10% of ingested vegetation is
digested. There is, therefore, a tendency to re-
circulate nutrients, hitherto locked up in mac-
rophytes, into the waterbody, with the likely
consequence of stimulating phytoplankton
blooms (van der Zweerde
 et al.  1978).
iii. The fish feeds poorly, or not at all, at the low
temperatures (10°C) typical of conditions during
spring in British fresh waters, when plant growth
is rapidly increasing. If vegetative growth out-
strips the grazing ability of the fish at this crucial
part of the season, a serious weed problem can
ensue, despite the later-season grazing and re-
duction of plant growth (Mugridge  et al.  1982).
iv. Fisheries managers have, in general, an ambiva-
lent attitude to the balance between the potential
benefits to be gained from biological weed con-
trol, and the potential problems associated with
the deliberate introductions of an alien fish spe-
cies.
These potential problems notwithstanding, grass carp
are an attractive proposition for plant management in
many fisheries, and by 1985 were being introduced on
a moderately wide-scale experimental basis by several
English Water Authorities, and also to a few waters in
Scotland.
It should perhaps be mentioned that other, native, fish
species may, through various mechanisms, cause a
lesser degree of modification of plant communities in
fresh waters (Andersson  et al.  1978). Cyprinid species
such as roach may graze the shoots of submerged
plants (Prejs 1978). More important are the effects of
bottom-feeders, such as common carp  (Cyprinus car-
pio),  which stir up sediments and increase organic
loadings via their excrement, ultimately reducing light
penetration of the water column, with adverse effects
on submerged plant growth (Lamarra 1975). At mod-
erately high population densities, carp may significant-
ly reduce the growth of submerged macrophytes (King
& Hunt 1967).
At present, besides the use of herbivorous fish, only
one other biological approach to aquatic weed control
is used in British fishery waters. Shading by trees or
bushes is a long-established technique which has
fallen into some disfavour as a management approach
over the last 50 years. Recently, however, shading has
been the subject of renewed interest. For example,
the relationship between shade density and orienta-
tion, and macrophyte growth in shaded rivers or
streams has been quantified (Dawson & Kern-Hansen
1979). As a procedure of 'biotechnical engineering',
this approach appears to be regaining some favour
amongst river management organizations, with poten-
tial improvements to the overall status of the water-
course as a wildlife habitat. However, it is important to
maintain a long-term cycle of planting and clearance of
the shade vegetation, so as to adjust the light regime
within the stream to permit a moderate degree of
macrophyte growth. A heavily shaded system tends to
support an impoverished aquatic ecosystem and lower
fish population (White 1975). The absence of mac-
rophyte oxygen production within the water column,
coupled with the high oxygen demand arising from the
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decay of allochthonous leaf litter, may lead to local
deoxygenatioriproblems (Dawson 1976b).
4 Case studies of habitat modification procedures
undertaken for fisheries management purposes
Two contrasting forms of plant management aimed at
improving the fisheries status of a freshwater system
are examined briefly in the following studies.
4.1 Vegetation management to increase macrophyte cover: the
lower Welsh Dee, north Wales
The Welsh Dee supports important recreational coarse
and game fisheries. In the early 1970s, the Welsh
Water Authority received complaints about a decline in
the quality of coarse angling in the lower reaches of
the river near Chester. Following research by O'Hara
(1976) who postulated that a lack of aquatic plants,
possibly due to the effects of the large number of
boats on the river, was affecting the recruitment of
coarse fish (especially roach) the Welsh Water Author-
ity commissioned a research project to examine the
ecology of the lower Welsh Dee and to investigate
possible methods to improve the fishery. Some of the
findings of this work are reported in Pearce (1983a,b)
and Pearce and O'Hara (1984).
Amongst the studies undertaken were 2 experimental
projects to establish the feasibility of protecting, and
artificially increasing, aquatic vegetation in the river for
the spawning and recruitment of coarse fish. These
projects involved studying the effect of protecting
existing floating-leaved aquatic plant growth (yellow
water-lily  (Nuphar lutea))  from boats' propellers and
examining the growth of artificially introduced emerg-
ent, floating-leaved and submerged aquatic plant spe-
cies (Plate 10). Beneficial effects resulted from these
treatments. At peak biomass, greater numbers of
surface leaves, flowers, roach fry and invertebrates
were recorded from lily beds protected from boats,
compared with control areas. Spectacular growths of
the artificially introduced emergent, floating-leaved,
and submerged aquatic plant species were observed,
especially at sites where boats and cattle were ex-
cluded, but were reversed when exclusion devices
were removed. Further trials are now being con-
ducted. In river lengths with little aquatic vegetation
due to extensive tree shading, short lengths of trees
are also being removed and emergent 'reed' species
and lilies are being introduced to increase fish habitat
and the quality of the river environment generally.
4.2 Vegetation management to reduce macrophyte biomass on a
selective basis: The Laird's Loch, Dundee
The Laird's Loch is a small (6.3 ha) upland loch in the
Sid law Hills near Dundee, Scotland. It is a designated
Site of Special Scientific Interest and supports a trout
fishery. Excessive submerged macrophyte growth,
mainly thread-leaved water-crowfoot  (Ranunculus
trichophyllus), had caused problems for boat fly fishing
here for several years up to 1984 (Figure 6). Attempts
Pbte 10 Prctec;Ieci DiantirIqs. emergent dn.d nosKsg-h,saved vecjelsf op 1;enned fl VC, e
boat dscessl u !Orsderilidesi ba. si me RIver Dee, Chester 1--)hoTsKylrsKS  J V siDKy.,
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in toe zones domfnated dv tOm,-Id-ieaved wcirer cro A,
foot  (Ranunculus tr chophn,iHusJ, on Hit= •norw cind souto
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to control the growth with liquid formulation diquat
during the 1970s. by the owners, met with little
success. In June 1984, an experimental application of
diquat-alginate at 1.0 mg/litre was made at the request
of the Nature Conservancy Council, with the aim of
reducing weed growth in 2 small plots (each approxi-
mately 100 m2). The results (Figure 7) showed that,
whilst growth increased steadily in the untreated plots
during the summer, there was a net decrease in
biomass in the treated plots. By the end of the season,
there was a significantly higher biomass of macro-
phytes present in the untreated than in the diquat-
treated plots. Weed growth had reached the surface
over a wide area of the loch, but was only a few
centimetres high within the treated plots. There was
no increase in phytoplankton biomass, and no signifi-
cant change in water chemistry in treated plots, com-
pared with the control plots on equivalent sampling
dates, although a slight reduction (to approximately 11
mg/litre) in daytime dissolved oxygen occurred in July
at one of the treated plots. Monitoring of plankton
Cladoceran populations in the experimental plots re-
vealed no major undesirable effects on this non-target
group of organisms (B R S Morrison, DAFS Freshwater
Fisheries Laboratory, personal communication), which
is known to possess fairly low margins of tolerance to
diquat (Crosby & Tucker 1966). The successful Out-
come of this trial demonstrated the potential of diquat-
alginate for weed control for fisheries management
purposes, without causing undue habitat side-effects.
5 Conclusions
Habitat conditions in an aquatic system essentially
define not only the abundance and species of fish
present, but also the range of wildlife species which
are dependent, at least in part, on the waterbody for
their survival.
Perhaps only slightly overstating the case, Lewis and
Williams wrote, in 1984, that 'the plant community is
the most valuable element of the river ecosystem, on
which every other living thing depends: the more
varied its structure and composition, the greater the
diversity of other wildlife it can support'.
However, they also recognized that '. . . some plants,
at particular locations or times of year can be a
nuisance to man ... the river manager therefore needs
to know plants and their growth habits, and recognise
potential nuisance'.
Most anglers and fishery managers recognize the
need to strike a balance in managing the vegetation of
the waters they fish or manage. Too much vegetation,
or the wrong type of plants can be a problem, but a
source of equal concern is a lack of vegetation.
Appropriate and sensitive care for, and management
of, the plant growth, and chemical and physical condi-
tions of the freshwater habitat are in the long run to
the benefit of the angler, as much as the wildlife of the
system.
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Figure 7. Effects of diquat-alginate treatment on dry
weight biomass of 2 dominant macrophyte species in
Laird's Loch during summer 1984 (• treated,  0  un-
treated; PRE = 7 June 1984; POST1 = 20 July 1984;
POST2 = 7 September 1984). Treatments significant
at P=0.05: analysis of variance, random-block model.
Least significant difference between pairs of means:
24.7 (data reproduced by permission of Ms K Ander-
son)
6 Summary
There are 2 principal aspects of habitat modification
associated with angling that may affect the environ-
ment. The magnitude of the direct impacts on the
water's edge and open water habitats is related quite
closely to the type of waterbody and form of angling
involved, and may vary in importance between sites
and different times of year. The timing of the coarse
fishing close season probably reduces the impacts of
anglers on habitats during a critical part of the plant
growth season. Habitat modification may also be
produced by fisheries management procedures. Such
management may be aimed at improving anglers'
access to a fishery, or altering the freshwater environ-
ment to manipulate fish population size, biomass or
structure, thereby improving the anglers' chance of
catching fish. Typical modifications involve altering
physical or chemical conditions within the waterbody
(eg by dredging, installation of flow-modifying struc-
tures, liming, manipulation of nutrient status). Manage-
ment of aquatic plant growth, with associated effects
on invertebrates and other organisms important in fish
food chains, is a long-established form of habitat
modification. Weed cutting, herbicides or biological
weed control methods may have profound effects on
the fish populations and other wildlife of a freshwater
habitat. Conversely, management aimed at increasing
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plant growth in or around waterbodies may also have
potentially important consequences for the breeding
success and survival of fish and other organisms. Case
studies of the habitat modification implications of
fishery management procedures are given for a low-
land river and an upland loch.
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Use and effects of piscicides
B R S MORRISON
DAFS, Freshwater Fisheries Laboratory, Pitlochry
1 Introduction
In fisheries management it is often necessary to
control the numbers of an undesirable species or
obtain samples of a population for study. This can
often be done using nets or traps and, in rivers and
streams, by electrofishing. Where complete elimina-
tion of a fish population is planned, these methods
may not be suitable, either because they are selective
and capture only certain sizes of fish, or the time and
manpower required make them impracticable. In
these situations, the use of a piscicide may be con-
sidered, provided side-effects on other biota are
acceptable.
During the past 50 years, many chemicals have been
used as piscicides, including inorganic substances
such as ammonia, chlorine, copper sulphate, sodium
hydroxide and sodium cyanide. Amongst the organic
chemicals, man-made materials like malathion, dichlor-
vos and endrin, originally developed as insecticides,
have all been used to kill fish (Lennon  et al.  1970).
Although a few of these substances were found to be
useful in some circumstances (eg malathion could be
used selectively because it is less toxic to some fish
species than others), many proved to be highly toxic
not only to fish but also to birds and mammals. An
aerial application giving 0.52 mg/litre of toxaphene in
the water killed all the fish in a lake in Nebraska, and
almost 10% of the gulls  (Larus  spp.) and grebes
(Podiceps  and  Tachybaptus  spp.), 29% of gadwall
(Anas strepera)  and 33% of the mallard  (Anas platy-
rhynchos)  (D B McCarraher & J L Dean, unpublished
data). A further disadvantage of these pesticides is
their persistence in the water. A lake in British Col-
umbia treated with toxaphene was found to be still
toxic 9 months later (Stringer & McMinn 1958), and
polychlorpinene used to treat about 250 lakes in the
Soviet Union persisted in some for one and half years
(Lennon  et al.  1970).
The ideal piscicide should have a low toxicity for other
forms of animal life; it should degrade rapidly in water,
and be relatively unaffected by temperature, pH and
alkalinity. Several of these qualities are found in pisci-
cides derived from roots, leaves or seeds of plants
which have been used for centuries for this purpose in
South America, Africa and Asia, either to collect fish
for food (Leonard 1939; Krumholz 1948) or to remove
unwanted species from culture ponds (Tang 1961). Of
these naturally occurring piscicides, the saponins,
water-soluble glycosides, are perhaps the most com-
mon, being present in at least 75 families of plants,
including azaleas, rhododendrons, camellias and
heaths. In the Soviet Union, research on saponins
derived from sugar beet showed that they were toxic
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to fish at concentrations of 0.2 mg/litre and broke
down in water within 10 days (Bizyaev et al.  1965). In
this paper, the use and effects of rotenone, probably
the most widely used piscicide, and of antimycin A, a
recently developed piscicide, will be considered.
2 The piscicides
Rotenone is the toxic principle in at least 6 genera of
leguminous plants. When dried and powdered, the
roots of  Derris,  the genus most commonly used in
Asia, contain 4-5% by weight of rotenone. In other
genera, eg  Lonchocarpus and  Tephrosia, used in North
and South America, rotenone content varies from 2%
to 5% (Pintler & Johnson 1958). The powdered root is
relatively insoluble and in the commercial develop-
ment of rotenone as a piscicide from about 1930
onward the manufacture of wettable powders and
emulsions made application easier. Some liquid for-
mulations contain 5% rotenone, others 2.5%, with
synergists to enhance the toxic effect. Unfortunately,
the solvents in some of these formulations repel fish
and care has to be taken to prevent fish escaping from
the treatment area.
Rotenone acts by constricting the blood vessels of the
gills, thus hindering respiration (Hamilton 1941).
Biochemically it has been shown to inhibit the transfer
of electrons along the respiratory pathway (Oberg
1967). In Scottish lochs, concentrations of 0.05 mg/
litre have been found by staff at the Freshwater
Fisheries Laboratory, Pitlochry, to be effective against
pike  (Esox lucius),  perch  (Perca fluviatilis),  eels
(Anguilla anguilla) and trout  (Salmo trutta).  In streams,
a concentration of about 0.5 mg/litre for 30 min is used
in controlling trout populations. Toxicity to birds and
mammals is much less than for fish. The oral LD50 for
mallard and pheasants  (Phasianus colchicus)  is over 1
g/kg, for rabbits  (Oryctolagus cuniculus)  1.5 g/kg and
for dogs 3 g/kg (Lennon  et al.  1970). In experiments
with southern leopard frog tadpoles  (Rana spheno-
cephala),  however, Chandler (1982) recorded LD50
values of 0.83 mg/litre (for a period of 1 h), close to the
concentrations used in stream treatments.
The toxicity of rotenone decreases on exposure to
light, heat, oxygen, alkalinity and turbidity (Almquist
1959). A synergized product held in drums at the
Freshwater Fisheries Laboratory was still toxic 5 years
after delivery. In ponds where there is little organic
matter, rotenone can be detoxified by potassium per-
manganate or chlorine (chlorinated lime) applied at the
same concentration as the rotenone, but, because
both detoxifying agents have a strong affinity for
organic matter, higher concentrations will be required
where deep silt or dense plant life is present (Jackson
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1967). Concentrations of potassium permanganate
from 2.0 to 2.5 mg/litre successfully neutralized 0.05
mg/litre rotenone in experiMental ponds (Lawrence
1956). In still water, rotenone degrades naturally over a
period of 2 weeks or more, depending on temperature.
When sampling fish in a stream, Mahon and Balon
(1980) used 6-7 mg/litre potassium permanganate to
detoxify 1.0-1.5 mg/litre Pro-noxfish (5% rotenone).
Antimycin A, an antifungal antibiotic, was first dis-
covered in the United States in 1945 (Leben & Keitt
1948). The first report of biosynthesis, from 2 species
of fungus of the genus  Streptomyces,  was probably
that of Birch  et al.  (1962), and its potential as a
piscicide was first suggested by Derse and Strong
(1963). Berger  et al.  (1969) found that a solution of
crystalline antimycin in acetone had a good shelf-life,
as did a formulation of antimycin on sand grains (1%
antimycin, 24% Carbowax and 75% sand). The sand
formulation was developed to kill fish by controlled
release of antimycin to a depth of 1.5 m or 5 feet
(Fintrol 5) and 4.6 m or 15 feet (Fintrol 15). Fintrol bar, a
small block of concentrate weighing 250 g and dissolv-
ing in about 7 h at 10°C, was developed for use in
streams (Lennon & Vezina 1973). Antimycin does not
repel fish. Like rotenone, it acts by inhibiting the
transfer of electrons along the respiratory pathway
(Ahmed  et al.  1950).
Toxicity to antimycin varies among fish species. Tests
with 24 American species at 12°C for 24 h showed that
the most sensitive, including rainbow trout  (Salmo
gairdneri),  brown trout  (Salmo trutta)  and perch were
killed at concentrations of 0.8 p.g/litre. Intermediate
sensitivity was found in pike, carp  (Cyprinus carpio),
largemouth bass  (Micropterus salmoides)  and pump-
kinseed  (Lepomis gibbosus)  which died at 5 Rg/litre.
The most resistant group included the goldfish  (Caras-
sius auratus),  lethal dose 100 Rg/litre, and species of
catfish or bullhead  (Ictalurus  spp.), for which the lethal
doses varied from 20 to 120 Rg/litre depending on the
species (Walker  et al.  1964).
Frogs and tadpoles in field tests with antimycin con-
centrations of 5-10 pog/litre showed no lethal effects
(Schnick 1976). Tiger salamanders  (Ambystoma tigri-
num)  survived 80 p.g/litre antimycin in the laboratory
for 96 h (Walker  et al.  1964), and Gilderhus et al.  (1969)
found that herons and ducks suffered no ill-effects
after exposure to water treated with 10 iig/litre and
eating fish killed with antimycin. Rats  (Rattus rattus)
survived a daily dose of 26 mg/kg antimycin (Derse &
Strong 1963). The LD50 for a dog has been given as 5
mg/kg, for a lamb 1-5 mg/kg and for a rabbit 10 mg/kg
(Rieske 1967). A more detailed review of the effects of
antimycin on plant and animal life is given in Schnick
(1976).
Antimycin in a stream application can be detoxified
using one mg/litre potassium permanganate (Ayerst
Research Laboratory 1970). Walker (1966) found this
concentration toxic to rainbow trout at low tempera-
tures but noted that 0.5 mg/litre successfully deacti-
vated antimycin concentrations of 0.5 to 5.0 p.g/litre.
Activated charcoal is also an effective deactivator of
antimycin (Lennon 1973).
3 Historic use of rotenone as a piscicide
The wide distribution of rotenone-containing plants
explains why this toxicant has been used for so long as
a piscicide by people of many different cultures. In
south-east Asia and Oceania, the poison was known
as 'tuba'. Rumph (1747) describes how natives of the
East Indies crushed the roots and nodules of  Derris
elliptica,  sometimes along with small shrimps, then,
mixing it with human dung, placed it in the water.to be
treated. Marsden (1784) states that natives of Sumatra
steeped roots of a creeping plant called 'toobo', of
strong narcotic qualities, into water where fish had
been seen.
In tropical South America, several genera of Legumino-
sae are represented, including rotenone-containing
Lonchocarpus and  Tephrosia (Cracca). The toxicant is
known variously as cube, timbo, barbasco, nicou,
canapi, haiari, depending on the plant or the locality.
Indians on the Guayaquil River in Ecuador are reported
to have chewed the leaves of barbasco, mixed it with
bait and scattered it on the river (Juan & de Ulloa
1758). The Creek Indians of the United States used
devil's shoestring  (Tephrosia virginiana)  as a fish
poison. Flat-topped stakes were hammered into the
river at the head of a pool until the tops were level with
the water surface. The roots of  Tephrosia were placed
on the stakes and hammered with wooden mallets so
that pieces of the crushed plant fell into the water. The
affected fish were then killed with spears or arrows
(Swanton 1946). Several early accounts of the use of
rotenone are mentioned by Krumholz (1948).
4 Present-day application of piscicides
Both rotenone and antimycin are used in the treatment
of running and still waters. Treatment of a stream may
be undertaken because of a need to eradicate an
unwanted species; to reduce recruitment of stream-
spawning fish to a lake (Walker 1975); or to limit the
spread of disease following the escape of suspected
disease-carrying fish from a fish farm. Treatment of a
lake may be undertaken to eradicate predators prior to
stocking with sport fish; to reduce the size of a fish
population; or to eliminate one species but leave the
remainder unharmed. Fish population estimates have
been made by screening off shallow areas of a lake
and treating these with rotenone (Almquist 1959).
With the possible exception of their traditidnal use by
indigenous peoples, the use of piscicides normally
requires the authority of national or local government.
In the United Kingdom, authority to use piscicides in
England and Wales 'for a scientific purpose, or for the
purpose of protecting, improving or replacing stocks of
fish' is given by the Minister of Agriculture, Fisheries
and Food (Salmon and rreshwater Fisheries Act 1975,
Part 1, Section 5 (2)). In Scotland, permission has to be
obtained from the Secretary of State through the
Department of Agriculture and Fisheries for Scotland
(Salmon and Freshwdter Fisheries (Protection) (Scot-
land) Act 1951, Part 1, Section 9).
The procedure for applying piscicide to streams is
illustrated in Appendix 1. By calculating the volume of
water passing a given point during a stated time
period, it is possible to work out the volume of
piscicide required to treat it at a rate of, for example,
0.5 mg/litre for 30 min. In Method 1, the piscicide is
applied in small does at intervals as the operator
walks upstream. In Method 2, 'drip stations' are set up
at distances that will enable the required concentration
to be maintained.
The procedure for lakes is illustrated in Appendix 2.
Ideally, the outflow should be dammed. The volume of
the lake is calculated (area x mean depth) and from
this, knowing the concentration required, eg 0.05
mg/litre, the total amount of piscicide for the job is
estimated. Sufficient piscicide should be obtained to
provide additional treatment for reed beds, deep holes
and the lower reaches of streams.
The method of treating a given body of water varies in
details, but the following procedure is generally applic-
able.
i. Initial survey. In streams, a check must be made
on the accessibility of the areas to be treated and
a decision made on how fish downstream from
the treatment area are to be protected, eg by the
use of potassium permanganate or by relying on
the diluting effect of a lake or large river. In lakes,
it will be necessary to measure the area and
mean depth and note the location of any deep
holes or weed beds. A decision has to be made
on whether inflow streams are to be treated and
how fish in the outflow are to be protected. (If
the construction of a dam is suggested, the
consequences fordownstream users of the wa-
ter, including the natural fauna and flora, must be
taken into account.)
ii. A decision is required on the amount of piscicide
to use and the most suitable formulation. The
method of application must also be considered
and what is to be done with the dead fish. An
estimate of the total cost, including time, man-
power and the cost of the piscicide, should then
be made.
iii. Following the above preliminary steps, it is im-
portant to ask whether treatment is practicable.
If a decision to go ahead is made, the matter
should be discussed with other interested par-
ties (landowners and tenants, fishing proprietors,
etc), and a formal application made to the con-
trolling authority.
iv. On the day of the treatment, the person super-
vising the work should make certain that only the
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number of people required to do the job are
actually involved, and that each person knows
exactly what he or she has to do.
v. After treatment has been completed, all equip-
ment used should be removed from the site and
empty containers disposed of safely. The site
should be visited again during the following few
days to make certain that arrangements to pro-
tect fish downstream are still working and to
record the time when the treated water ceases
to be toxic to fish.
vi. The supervisor should write a report about the
treatment and include: the reason for it; the type
and amount of piscicide used with rate and
method of application; details of the areas tre-
ated; what was done witfi the dead fish, noting
the species killed and in what proportions, and
giving some indication of size groups; what was
done with the equipment used; the tests done
subsequently to check on the toxicity of the
water, and the results of the operation. This
record of events should prove useful if there are
any enquiries about the work done, and provides
a basis for the planning of future treatments.
5 Effects of piscicide treatments on fish and
invertebrate populations
The efficiency of a treatment depends largely on
maintaining the required concentration of piscicide for
the correct period of time and ensuring that it is
applied evenly throughout the area to be treated.
These points are particularly important when using
rotenone, because fish may be able to recover from a
sublethal dose. When rotenone was first used by staff
at the Freshwater Fisheries Laboratory, Pitlochry, to
eradicate pike in Loch Kinardochy, the treatment was
unsuccessful, presumably because the concentration
used (based on a laboratory assay) was too low at 0.02
mg/litre (Morrison & Struthers 1975). The effects of
antimycin are irreversible once the fish shows the first
signs of distress (Gilderhus 1972). In lakes, limited
treatment of reed beds and insufficient mixing of the
toxicant in beds of submerged weeds are reasons for
failure to eradicate fish populations. The use of potas-
sium permanganate to protect fish downstream from a
treated stretch of river or lake may not be completely
effective (Mahon & Balon 1980). Also, potassium
permangate detoxifies antimycin rapidly to a level of
about 4% of the original concentration and thereafter
much more slowly, particularly in water of pH 7.0
(Engstrom-Heg & Colesante 1979).
Only a small proportion of the fish affected by rote-
none come to the surface. Bartoo (1977), using
marked American yellow perch  (Perca f. flavescens),
estimated that 15.5% surfaced at 24 h and 17.5% at
96 h. It is, therefore, difficult to estimate the biomass
of fish in a lake using rotenone. In shallow streams it is
less of a problem, although fry may easily be lost in
bouldery stretches.
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Field treatments with antimycin as a piscicide have
confirmed that it can be used selectively. The informa-
tion available relates to fish species in the United
States. No comparable data are available for British
fish. Burress and Luhning (1969) showed that anti-
mycin eradicated scale fish (cyprinids, perch, etc) in
channel catfish culture, and R. Stinauer (unpublished
data) found that 2 p.g/litre of antimycin reduced or
eliminated gizzard shad  (Dorosoma cepedianum), carp,
bluegill  (Lepomis macrochirus),  long-ear sunfish  (Lepo-
mis megalotis)  and white crappie  (Pomoxis annularis)
without serious harm to largemouth bass in ponds in
Illinois. Lennon and Berger (1970) used Finitrol 15 to
eradicate heavily parasitized minnows  (Pimephales
promelas, P. notatus, Notropis heterolepis, Notemigo-
nus crysoleucas)  in a Minnesota trout lake where
thermal stratification had resulted in the minnows
being confined to the upper layer. The non-target
rainbow trout remained in deeper, cooler water.
It is possible for fish populations to develop a resist-
ance to rotenone treatments. Golden shiners  (Notemi-
gonus crysoleucas)  generally reinfested Ball Pond,
New Fairfield, Connecticut, in greater numbers after
each of 6 successive rotenone treatments between
1957 and 1974. Paired bioassay tests showed that
shiners from Ball Pond were 4-7 times more tolerant
of rotenone than shiners from untreated ponds (Orciari
1979).
Concentrations of rotenone high enough to kill in lakes
can apparently eliminate certain species of zooplank-
ton from the open water, but populations return to
pre-treatment levels within periods of up to 3 years
(Brown & Ball 1943; Kiser  et al.  1963; Anderson 1970;
Morrison & Struthers 1975). Applications of 5 p,g/litre
antimycin to experimental ponds severely reduced
numbers of zooplankton (Callaham & Huish 1969). The
recovery of zooplankton may be hastened because of
reduced predation by fish (Hongve 1977). Many spe-
cies of zooplankton have stages that are likely to be
resistant to the effects of rotenone, eg the so-called
resting eggs of  Daphnia  spp., and some copepods
spend part of their life history in bottom muds. Ander-
son (1970) concluded that a zooplankton population
that had not reached its reproductive peak was more
vulnerable than one that had passed it. One consequ-
ence is that a species that recovers rapidly may extend
its range temporarily, and occupy the environmental
niche normally filled by a species that is recovering
more slowly (Kiser  et al.  1963).
The importance of silt and other organic material to the
survival of benthic organisms in waters treated with
piscicide was demonstrated by Lindgren (1960). He
had noted that tests on the effects of piscicides on
invertebrates are often done in the absence of silt or
vegetation .(eg Hamilton 1941; Chandler 1982). In
Lindgren's opinion, 'the rotenone may be neutralized
by some kind of adsorption on to mud particles'. This
might explain the survival of a range of benthic organ-
isms in Loch Kinardochy, Perthshire, Scotland, which
was treated with rotenone on 3 occasions between
1949 and 1972 (Morrison & Struthers 1975). Chandler
found that, of the range of invertebrates he tested, all
except an ostracod  (Cypridopsis sp.) were more toler-
ant of rotenone than most fish. Engstrom-Heg  et al.
(1978) suggest that very few immature aquatic insects
in streams could survive 48 h exposure to 3 mg/litre of
a 5% rotenone formulation. In Scotland, a concentra-
tion of 0.5 mg/litre for 30 min is used in eradicating fish
from streams, and observations on the benthos of 3
treated streams showed no significant reduction in
benthic populations (Morrison 1977).
Similarly, field studies on the effects of antimycin on
benthos have generally indicated that there was little
effect at concentrations lethal to fish (Callaham &
Huish 1969; Morrison 1979). However, a study of the
effects of an application of 10 pig/litre of antimycin to a
stream in Arizona showed that numbers, biomass and
diversity of invertebrates returned to pre-treatment
levels only after a period of 3 years (Minckley &
Mihalick 1981).
6 Summary
In managing freshwater fisheries, we may wish to
eradicate predators such as pike; reduce the size of a
sport fish population to enable the remaining indi-
viduals to grow larger; remove fish suspected of
carrying disease; or collect samples of fish for re-
search. No one management technique (netting, trap-
ping, etc) is effective in all circumstances, and the
eradication of a fish population is usually best achieved
with some form of piscicide. Many chemicals which
have been used to kill fish are equally toxic to other
animals and their use cannot be recommended. Rote-
none and antimycin A are highly toxic to fish but less
toxic to other vertebrates. Rotenone is the toxic prin-
ciple in certain leguminous plants, such as  Derris  and
Tephrosia, and has been used for centuries as a fish
poison in Africa and Asia. When used as a piscicide in a
lake, it breaks down in water over a period of 2 weeks
or more, depending on temperature, after which fish
may be introduced. Work done at Pitlochry and else-
where indicates that rotenone is much less toxic to
bottom-living invertebrates than to fish, but zooplank-
ton populations may take several months to recover
from treatment. Antimycin A was first isolated in the
United States in 1945 from several species of fungi of
the genus  Streptomyces.  Its use as a piscicide dates
from 1963 and, since then, several formulations have
been developed for use in different freshwater habi-
tats. Like rotenone, it is generally less toxic to bottom-
living invertebrates than to fish. The rate of breakdown
in water depends on temperature and pH, but treated
water may be non-toxic within 2 weeks.
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Appendix 1
Streams may be treated by adding small quantities of
piscicide at intervals along their course (Method 1).
These then unite to form a long slug of treated water.
Alternatively, drip stations may be set up to release the
piscicide into the water for the required time (Method
2). In some streams, several drip stations will be
necessary to maintain the required concentration. ThiS
can be determined by measuring the decrease in
concentration of a dye or salt solution released at the
upstream site. Fish held in cages at intervals along the
stream will verify the effectiveness of the treatment. A
potassium permanganate drip may be used to detoxify
the piscicide, or if the stream enters a lake or large
river the increase in water volume would reduce the
piscicide to non-toxic levels.
A characteristic of many substances that are toxic to
fish is that a low concentration for a long period of time
Appendix 1
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*is often as lethal as a high concentration for a short
period of time. Due to the irregular flow of stream
water, wild fish populations some distance down-
stream of the last application point may receive low
levels of toxic water for some hours after completion
of the treatment, particularly where several treated
tributaries combine to form a major stream.
Appendix 2
When treating a lake, the surface area is divided into
sectors and each sector is treated with the correct
proportion of piscicide. With liquid formulations, a
surface application may not be effective at depths
greater than 2-3 m. Deeper water may be treated by
injecting the piscicide down a weighted length of
hosepipe. Reed beds may be treated using a pump
with a suitable 'throw'.
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Predator control
D H MILLS
Department of Forestry and Natural Resources, University of Edinburgh, Edinburgh
I Introduction
Predator control is an emotive subject in which there
are few grey areas, and this is particularly true in the
realms of fisheries management. One's opinions,
however scientifically based, sometimes cause of-
fence. I am well aware that in talking on this subject I
am walking on a tightrope, with friends on either side
waiting to disown me if I fall into the wrong camp.
Feelings tend to run high and this is because there is
now a large groundswell of opposition to the culling of
animals that are suspected of reducing fish stocks.
The time has come when anglers have to review
carefully their code of behaviour. They are already
criticized by some animal protection societies and are
not entirely blameless for the death of many birds
ensnared in nylon, choked by hooks, poisoned by lead
shot, and scared off their nests by the sound of
marching waders. Furthermore, their attitude to the
natural environment is not always commendable (Mills
1979).
There was a time when the shooting of raptors and
fish-eating birds and the hunting of otters went un-
questioned. It was a management practice which was
undertaken with satisfaction and a sense of achieve-
ment. Anything red in tooth and claw was strung up,
as I can well remember witnessing at the numerous
gamekeepers"larders' which used to festoon the
countryside like giant shrikes"larders'. We lost many
of our rarer bird species in those days, particularly the
red kite  (Milvus milvus)  and the osprey  (Pandion
haliaetus), and many of our distinguished 19th century
naturalists have much to answer for in this respect. In
those days, bird-watching was confined to the clergy,
the teaching fraternity and the natural history societies
held together by a small but enthusiastic membership.
This situation has all changed now. The Royal Society
for the Protection of Birds alone has a membership in
excess of 300 000 and the Young Ornithologists' Club
a membership of over 100 000. There are now also
many more wildlife trusts, conservation societies and
environmental organizations. Anglers and commercial
fishermen are, therefore, very much in the public eye
when it comes to predator control, and I would like to
consider those areas where problems in this field must
be faced — namely rivers, still waters (including reser-
voirs and small 'put and take' fisheries) and the fish
farm, where the angler rears some of his fish prior to
their release into angling waters.
2 River fisheries
With more scientific management of fisheries there
has grown a large scientific and popular literature on
the diet of fish-eating birds and mammals (Mills 1967).
With such knowledge and an estimate of the feeding
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rates (Table 1) of these animals, there developed
multiplication sums, involving days of the year and
weight or numbers of fish eaten daily, which led to
horrific estimates of fish consumed annually. Taken a
step further, estimates were made to determine what
beneficial effect the control of a particular predator
would have on fish stocks. The classic work in this
field has been carried out in Canada by Elson (1962).
Table 1.  Mean daily food intake of some fish-eating animals
Mean daily food
Species intake (g) Authority
Great crested grebe 340 Harrison and Hollom
(1932)
Cormorant 425-700 Macan and
Worthington (1951)
Mills (1965)
Heron 325 Skokova (1963)
Goosander 400 Mills (1962a)
American merganser 495 White (1957)
Osprey 260 Weir (unpublished)
Grey seal 6800 Steven (1934)
He showed that the control of the American merganser
(Mergus merganser americanus), when its density on
small-to-medium-sized rivers was greater than one
bird per 8 ha, could result in a significant increase in
the production of Atlantic salmon  (Salmo salar) smolts.
Using the results of Elson's work, I was able to show
that control of the closely related goosander  (Mergus
merganser)  could similarly benefit some Scottish
salmon rivers (Mills 1962a). However, before such a
control policy could be widely implemented in eastern
Canada, the Canadian Wildlife Service required irrefut-
able evidence that an increase in salmon smolts
resulting from merganser control led to an increased
return of adult fish. We all realize how difficult such
proof would be to obtain when one considers the
sometimes appreciable yearly fluctuations in commer-
cial and angling catches which in themselves do not
necessarily indicate the size of the stock returning to
the river that season. It is such a reason that those
opposing bird control use either when refusing to
support a cull of birds or mammals, or when in a
position to withold a licence to shoot them. There has
been some criticism of Elson's findings and Lack
(1966) felt that, while these birds ate many fish, their
ultimate influence on the size of the fish population
was not, in his view, established. The fishery manager
is frequently in a quandary as to what decision to make
when, on the one hand, he is faced by this argument
and, on the other, he may be told that for every 100
salmon smolts eaten by a goosander 10 were destined
to return as adult salmon with an average weight of,
say, 4 kg and with a market value of E6/kg. It may be
argued that, if the goosanders had not eaten the
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smolts, some other predator would, or it may be
pointed out that these birds also eat other predators of
salmon smolts. Larsson and Larsson (1975) consi-
dered that in Swedish rivers the loss of hatchery-
reared smolts from goosander predation was small
when compared with predation by burbot  (Lota Iota),
which were estimated to consume a minimum of
175 000 smolts each season. However, goosanders
are seen eating smolts; burbot, being under the water,
are not.
When I last carried out a survey of its breeding and
winter distribution in Scotland in 1961 (Mills 1962b),
the goosander tended to breed only in central and
northern Scotland but had a much wider winter dis-
tribution, with its numbers being supplemented by
migrants from Scandinavia. However, since that time,
its breeding distribution has extended to southern
Scotland and north-west England and into Wales
(Meek & Little 1977; Tyler 1985). Current research on
the distribution and feeding habits of the goosander
and red-breasted merganser  (Mergus serrator)  is being
carried out at Durham University for the Nature Con-
servancy Council, who wishes to ascertain whether or
not the breeding range in Britain of these 2 species is
still increasing and to obtain more precise information
on their densities on Scottish rivers so that a decision
can be reached as to where and when to grant
licences under the Wildlife and Countryside Act 1981
to shoot these birds.
3  Still waters
Reservoirs and 'put and take' fisheries on small areas
of still water have their own problems, usually from
cormorants  (Phalacrocorax carbo)  and grey herons
(Ardea cinerea).  There is no doubt that cormorants do
eat large numbers of trout (Mills 1965), but shooting is
not necessarily the best form of control. There is a
danger to anglers and other water users, and usually
the shot cormorants are quickly replaced by others.
Shooting can also disturb other wildlife. An example of
the problems involved is illustrated by an experience at
Linlithgow Loch in central Scotland. Here, cormorants
visited the water chiefly during the close season when
they are not disturbed, and anglers were anxious to
shoot them. The loch is also a bird sanctu'ary. Howev-
er, it was grudgingly agreed by the Scottish Wildlife
Trust and Department of the Environment, who jointly
manage the water, to let the anglers shoot a number
of cormorants to find out what they had been eating. It
was found that they had all been taking perch  (Perca
fluviatilis)  just prior to being shot. Perch is a fish that
the anglers had been trying to eliminate in this loch
because of their competition with the trout for the
available food supply. It is, of course, unwise to base
one's knowledge of the birds' diet on an analysis of
samples taken on one day at one particular time of the
year, as there may well be seasonal variations in the
diet of any predator depending on what is available. In
this instance, more cormorants soon appeared on the
loch and there was a significant increase in their
numbers shortly after the water was stocked with
hatchery-reared trout.
Another bird that can cause problems in still waters is
the black-headed gull  (Larus ridibundus),  not so much
because of its depredations on fish but because it is
responsible for the spread of the eye fluke  (Diplosto-
mum spathaceum)  in trout, particularly rainbow trout
(Salmo gairdneri).  We had this problem in some small
man-made ponds near Edinburgh. The gulls nested on
an island and on the land surrounding one of the ponds,
and they were responsible, together with freshwater
snails  (Limnaea spp.), the primary host, for continuing
the life cycle of the fluke which had been introduced to
the water by some infected hatchery-reared trout.
Shooting seemed pointless and unlikely to be 100 per
cent effective, so we stopped them from nesting
simply by making it difficult to land. This was done by
laying brushwood on the island and some of the shore
area and stretching twine over the island and attaching
aluminium strips to the twine. It can, therefore, be seen
that it is frequently more effective to control the
problem birds by looking at their behaviour and seeing
how one can best disrupt it to one's advantage.
4 Fish farms
If you want to attract birds to your garden, you put
bread out on a table; if you want to increase the
variety, you put out monkey nuts, coconuts, fat and
raisins. It is not surprising, therefore, that when you
build ponds and put in fish you will get fish-eating
birds; what is surprising is the astonishment expres-
sed by some fish farmers when this happens. The
birds are not to know that they are not meant to come,
and an abundant supply of fish may allow them to
increase the size of their clutch of eggs and to have
more than one brood in a year. If pigeons come to your
peas or your flowering broccoli, you cover the plants
with nets; similar precautions should be taken by fish
farmers.
There are 2 basic approaches to the problem of
predator damage at farms, either passively defending
the farm by giving it physical protection or attacking
the predator. The use of netting is the commonly
adopted method in the first category, and shooting in
the second. There is no doubt that netting can be very
effective, but it does depend on how it is used. Herons
can learn to overcome netting protection, if the net is
too close to the water surface (Ransom & Beveridge
1983). Wires, too, can deter certain species from
alighting on the pond, but they are useless for the wily
heron and some feel they may harm the birds. At
present, scaring devices include the use of sheets of
newspaper, shining metal sheets or strips of alumi-
nium, vibrating tapes, scarecrows and rattles and
Buzzbird, the sonic pest control unit which has been
most successful in scaring cormorants at the Queen
Mother Trout Fishery in Berkshire. Some of these
devices are found to be useful, but usually only on a
short-term basis.
Again, taking cognisance of animals' feeding habits
and then designing the earth ponds in such a way as to
prevent them fishing, is a useful practice. For example,
one can deepen the sides of the pond and slope the
banks steeply so that birds such as herons, which tend
to wade into the water and wait for their prey, are
unable to reach the fish (Meyer 1981).
A method, not in use in this country but commonly
practised in Denmark, is the use of a rotating pump
which sprays jets of water on to the pond surface, thus
breaking it up and preventing birds from seeing the
fish. With many of these methods, the secret is to put
them into use as soon as the farm is set up, and not
after the birds have got into the habit of coming to the
farm. A farm should also be certified as being bird-
proof before it is allowed to go into production, as is
the case in Denmark.
5 Discussion
Here, then, are at least some ways of solving the
problems of predator control, but I'm afraid that,
whatever is decided by our lords and masters, it will
always remain unsatisfactory to some. However, I
think anglers and fishery managers should consider
the following statement made by Dr Borgeson at a
symposium on  Predator—prey systems in fisheries
management  held in Atlanta, Georgia, in 1978.
'Kingfishers, otters, herons, eagles, ospreys, bears,
snakes, turtles, mergansers and grackles are some of
the non-piscine predators that may impact (sic) popula-
tions of desirable game fish or their prey. In previous
years these species have been the subject of control
efforts but are now valued by our society to the extent
that control is largely a thing of the past.'
Also valued by society, of course, are fish — the prey
species. In any management of a biological resource,
one has the problems of disease, parasitism and
predation. It is probably only in the realm of predation
that there is any conflict of human feelings, as with
orchard owners and bullfinches  (Pyrrhula pyrrhula),
cereal farmers and geese, and commercial fishermen
and grey seals  (Halichoerus grypus).  But who is being
selfish — the fisherman, the angler, the bird-watcher or
the animal lover? I think all should be working to the
same end, and the operative word should be 'control'.
No-one is suggesting extermination of a species, but if
the numbers of one get out of hand to the detriment of
the other, in which people have a commercial interest,
surely there has to be some control in some form or
other — either by culling or deterring? The angler or
commercial fisherman should not always be con-
sidered the villain of the plot, far from it — he might
even be seen to be the fairy godmother. For example,
Fisher showed that the dramatic increase in the range
and numbers of the fulmar  (Fulmarus glacialus)  was
linked to an increase in the number of fishing vessels;
herons have increased, probably as a result of an
increasing number of fish farms; great crested grebes
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(Podiceps cristatus)  have increased as a result of more
disused gravel pits being managed as fisheries (Pratt
1977); the fish- and bird-eating mink  (Lutreola lutreola)
have been controlled not by the ornithologist but by
the angler, and the future survival of the kingfisher
(Alcedo atthis)  and dipper  (Cinclus cinclus)  has been
assured as a result of reduced river pollution — and, as
Mellanby (1976) states, it is the angler who is the
watchdog on water pollution.
6 Summary
There is now a large groundswell of opposition to the
culling of animals that are reported to be affecting fish
stocks. The time has come when the angler and
fishery manager have to review closely their code of
behaviour. They are already strongly criticized by some
animal protection societies, and are not entirely blame-
less for the death of many birds ensnared in nylon,
choked by hooks, poisoned by lead shot and scared off
their nests by the sound of marching waders. The
shooting of many bird and mammal species on the
grounds of fish conservation is now being widely
questioned. There are a number of areas where prob-
lems face the angler, fishery manager and fish farmer
in the field of predator control on rivers, reservoirs, 'put
and take' fisheries and fish farms. Probably the
greatest conflict centres on the control of the increas-
ing number of sawbill ducks which, the anglers say,
have a serious effect on juvenile salmon populations,
but the bird conservationists contend that this effect
has not been proven. In the realms of fish farming,
several successful measures have been introduced to
deter bird predators, without resorting to killing.
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Fish introductions and translocations — their impact in the
British Isles
the main facoor fl mot; nd FInG The try:-
probahay ; es somewhere rue:weer these 2 vie s bit
there seems iitge doubt that its hatever toe r ticiiii.ie-
ment in prenistor c tmes, coma-s are now a maior
'actor in transporting fish in ma-y cofintoes ot ofie
world The ecological repercuss ons from many of
these introductions have been colossa . The mac
objective of th s paper is to discuss the phhosopny
introductions and translocations 8 the context of
experience of the British Gles and elsewhere
The closing stages of the last ice age iabout 10 000
years agoi can be considered as the starting point in
any assessment of the distribution of freshwater fish
in the British Isles At its maximum extent, the last
major ice cap covered all of the Bhtish Isles except
parts of southern Ireland and the Midlands and south
of England (Figure 1i There were no fish present in
any of the areas further north, and indeed it is probable
that there were few species in most of the northern
unglaciated areas, whose climate must still have been
very cold and the glacial rivers unsuitable for aquatic
life The land mass of the British Isles was very
different in extent at this time, for IreGnd was sta
connected to Great Britain which, in turn, was still
joined to the main continental land mass. As toe ice
gradually retreated northwards, so did the British Isles
assume their present form, the link between Ireland
and Great Britain breaking to form the Irish Sea and
that between England and the continent to form the
English Channel Before the final separation from the
continent, it is likely that all species of purely fresh-
water fish at present regarded as indigenous to the
British Isles had established themselves, at least in the
south-east of England From this area they dispersed
themselves at varying rates to other parts of the
country .
A broad outline of the fish fauna and the conservation
of freshwater fish in the British Isles has been given by
Maitland li 974L There, the status and distribution of
all species of fish and their value as a resource is
reviewed The value of freshwater fish to the com-
munity is far greater than is normally appreciated and
includes human consumption, sport, fisheries, amen-
ity, educational and scientific aspects, as well as a
o spersai. Many tut these sensitive spec es appear
a cable to compete vatio or cope wog predat on frorn.
the more successful soathern species 'Plate 11).
0 n sire heogu erho '-area rinc 'eauce:: icy con--
Plate 11 The vendace, one of Britain's rarest species
The introduction of any new species to water contain-
ing tnis fisn should be avoided iPhotograpn P S
Maitiandi
A second paper (Maitland 19791 considers the rarer
species and genetic strains of fresnwater fish in the
British Isles in some detail. Their present status is
reviewed and conservation measures proposed in
relation to the priorities involved. Several populations
of major importance have already been lost and others
are likely to disappear if action is not taken soon. The
recent Wildlife and Countryside Act 1981 has drawn
attention to the scientific evaluation of conservation
sites In order to produce credible schemes for such
assessments, it is necessary to establish national
criteria against which the characteristics of any particui
lar site can be evaluated. Maitland (1985) hos proposed
such criteria for freshwater fish.
2 The Butish fish fauna
Of the 55 species of freshwater fish found in the
British Isles (Table 1), none is endemic, 3 occur only as
vagrants, and 12 species have been introduced by
humans Many of the remaining 40 indigenous species
are common and widespread but several are declining
in numbers or restricted in distribution Fish occur in
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almost all types of open water, except extremely
acidic peat pools, grossly polluted waters, high-altitude
waters, and those that dry out periodically. Although
the general distribution of most freshwater species in
•
Figure 1. The probable maximum extent of the ice sheet (hatched) covering the British Isles during the last ice
age. The approximate boundaries of the sea (stippled) and the land at that time are also indicated
the British Isles is now quite well known (Maitland
1969), information is still needed from a number of
important sites which it has not yet been possible to
examine in detail.
The indigenous fish species of the British Isles may be
categorized as follows:
i. those with a marine propensity, ie migratory,
including now landlocked migratory species;
ii. those that appear to have mechanisms of disper-
sal and have moved extensively beyond their
original catchments;
iii. those with poor powers of dispersal which are
still largely confined to their original catchments.
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In general, the number of fish species decreases from
south to north in Great Britain: many species are
confined to the south and east of the country, and only
a few to the north and west. Thus, the maximum
number of species which could be expected to occur
decreases as one moves north. Some species are well
distributed over a large part of the country and found in
both running and standing waters, eg salmon  (Salmo
salat),  trout  (Salmo trutta  and  Salmo gairdneri),  pike
Table 1.  Freshwater fish species established in the British Isles. Closed circles (I) indicate that the species is: A. indigenous, B. of marine
origin. C. rare, D. local, E. threatened. Open circles (0) mean the opposite
Common name Scientific  name A
Sea lamprey Petromyzon marinus • I o o o
River lamprey Lampetra fluviatilis • I o o o
Brook lamprey Lampetra planen • o o o o
Sturgeon Acipenser sturio • I I I I
Allis shad Alosa alosa • o I 1 I
Twaite shad Alosa fallax • I I I I
Atlantic salmon Salmo salar • I o o o
Brown trout Salmo trutta • • o o o
Rainbow  trout Salmo gairdneri o o o o o
Humpback  salmon Oncorhynchbs gorbuscha o o I o o
Arctic charr Salvelinus alpinus • I I I o
Brook charr Salvelinus fontinalis o o o I o
Whitefish Coregonus lavaretus • 6 I I I
Pollan Coregonus autumnalis • o I I I
Vendace Coregonus albula • I I I I
Houting Coregonus oxyrinchus • I I I I
Grayling Thymallus thymallus • o o o o
Smelt Osmerus eperlanus • I o I I
Pike Esox lucius • o o o o
Carp Cyprinus carpio o o o o o
Crucian carp Carassius carassius o o o o o
Goldfish Carassius auratus o o o o o
Barbel Barbus barbus • o o o o
Gudgeon Gobio gobio • o o o o
Tench Tinca tinca • o o o o
Silver bream Blicca bjoerkna • o o I o
Bream Abramis brama • o o o o
Bleak Alburnus alburnus • o o o o
Minnow Phoxinus phoxinus • o o o o
Bitter ling Rhodeus sericeus o o o I o
Rudd Scardinius erythrophthalmus • o o o o
Roach Rutilus rutilus • o o o o
Chub Leuciscus cephalus • o o o o
Orfe Leuciscus idus • o o o o
Dace Leuciscus leuciscus • o o o o
Spined  loach Cobitis taenia I o o I o
Stone loach Noemacheilus barbatulus • o o o o
We Is Silurus glanis o o I I o
Eel Anguilla anguilla • I o o o
Three-spined stickleback Gasterosteus aculeatus • I o o o
Ten-spined stickleback Pungitius pungitius • I o o o
Burbot Lota Iota • o I I I
Sea  bass Dicentrarchus labrax • I o o o
Largemouth  bass Micropterus salmoides o o I I o
Pumpkinseed Lepornis gibbosus o o o I o
Rock bass Ambloplites rupestris o o I I o
Perch Perca fluviatilis • o o o o
Ruffe Gymnocephalus cernua • o o o o
Pikeperch Stizostedion lucioperca o o o I o
Common goby Pomatoschistus rnicrops • I o o o
Thick lipped mullet Crenirnugil labrosus • I o o o
Thin lipped mullet Chelon ramada • I o o o
Golden mullet Chelon auratus • I o o o
Bullhead Cottus gobio • I o o o
Flounder Platichthys flesus • I o 0 0
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(Esox lucius),  minnow
 (Phoxinus phoxinus),  roach
(Rutilus rutilus),  eel  (Anguilla anguilla), 3-spined stickle-
back  (Gasterosteus aculeatds),  10-spined stickleback
(Pungitius pungitius)  and perch  (Perca fluviatilis).  In a
somewhat similar category are those that are common
in many sites in the southern half of the country
(possibly a few elsewhere), but mostly restricted to
standing or very slow-flowing waters (crucian carp
(Carassius carassius), tench  (Tinca tinca), bream  (Abra-
mis brama),  silver bream  (Blicca bjoerkna),  rudd  (Scar-
dinius erythrophthalmus)  and chub  (Leuciscus cepha-
lus)),  or to running waters (sea lamprey  (Petromyzon
marinus),  river lamprey  (Lampetra fluviatilis),  brook
lamprey  (Lampetra planeri),  grayling  (Thymallus thy-
mallus),  gudgeon  (Gobio gobio),  bleak  (Alburnus albur-
nus),  dace
 (Leuciscus leuciscus),  stone loach
(Noemacheilus barbatulus),  ruffe  (Gymnocephalus cer-
nua),  bullhead  (Cottus gobio)  and flounder  (Platichthys
flesus)).
3 Introduced species
An account of the species of freshwater fish intro-
duced to the British Isles has been given by Wheeler
and Maitland (1973). The study describes the natural
distribution of such fish, the history of their introduc-
tions, their success in acclimatization, and their dis-
tribution in the British Isles. More than 20 different
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species are known to have been introduced at various
times, but of these only 12 seem to have been
successful and have viable populations at present.
The introduction of exotic species of plants and ani-
mals to the British Isles was discussed by a working
group set up by the Nature Conservancy Council
(1979). Unless the reasons are very compelling ones
(eg for pest control or food production), the introduc-
tion of foreign species is regarded as undesirable, and
usually detrimental to nature conservation interests.
Thus, it would seem logical to disregard introduced
species of fish in nature conservation assessments.
The extensive published information available for Scot-
land has been reviewed by Maitland (1977), and from
this review it is possible to produce some idea of rates
of movement of fish into this country (Figure 2). The
starting point for Scotland may be taken as the last ice
age, say a minimum of 5000 years ago; prior to about
10 000 years ago, the country had been completely
covered by ice. The only fish able to colonize as the ice
disappeared were those with marine affinities, capable
of existing in the ice lakes and glacial rivers which
prevailed at the time. Thus, some time later (say 1000
years), there were probably only about 12 species
present.
2 3
Thousands of years since last Ice Age
4 5
Figure 2. The probable numbers of established species of freshwater fish in Scotland since the disappearance of
the last ice sheet, some 5000 years ago. It is assumed that all the present anadromous and catadromous species
became established during the first 1000 years
Several thousand years later, by about 1790. only
another 5 species had been added to the Scottish
faunal pike, minnow, roach, stone loach and perch
The reasons for the successful movement north of
these species are uncertain, but 3 of tnem ipike,
minnow and perch I must have effective powers for
dispersal for, apart from species with marine affinities,
these are probably the most widely distributed and
abundant of British freshwater fish today. The disper-
sal of fish eggs on the feet of waterfowl is often
mentioned as a means of distribution and, while It is
true that these 5 species all have adhesive eggs or egg
ribbons, there is little real evidence of their dispersal in
this or in any other specific way during this period. The
role of humans is uncertain, but Campbell (19711 and
others believe that they have been responsible for
much of the movement of fish in this country.
Some 90 years later (1880), another 5 species were
known to occur in Scotland: brook charr  (Salvelinus
tontinalis),  grayling, tench, bream (Plate 12) and chub.
The main agent of dispersal during this period (and
subsequently) was probably human, and there are
numerous records of introductions of these and many
other species (several of them foreign to the British
Isles) around this time. This was a most intensive
period of introduction and movement of fish, and many
landowners introduced new fish to waters on their
estates.
Plate 12.  A roach x bream hybrid. One of the many
undesirable effects of introducing new species of fish
to a water is that they may hybridize with species
already present (Photograph P S Maitland)
By 1970, another 8 fish species were known to have
established definite populations in Scotland, and for
virtually all of them humans seem to have been
responsible for the introductions. Many of them are
likely to have taken place before 1900; for example,
carp (Cyprinus  carpio)  and goldfish  (Carassius auratus)
are mentioned by Scott (1901) as occurring in certain
waters in the Glasgow area at that time. Since 1970,
another 2 species have been confirmed for Scotland —
both probably introduced. Crucian carp actually appear
to have been present for some considerable time,
whereas ruffe are relatively recent (Maitland et at
1983). It should be noted that many other species
were introduced unsuccessfully during these periods.
4 Trans locations
For many years there has been an increasing demand
from game fishermen, not only for improved fishing for
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native species such as salmon and trout, but also for
introduced species like rainbow trout  (Salmo
nen)  A greater interest is also being encouraged in
charr, and both the native arctic cnarr  ISalvelinus
aipinuSE and tne American brook cnarr are likely to
increase in popularity with anglers There is also some
demand for other Nortn American salmonids which it
has not yet been possible to establish in this country .
Especially in Scotland and Ireland (where there is no
close season for coarse fish). coarse fishing is increas-
ing rapidly at present due to a combination of in-
creased leisure time, advertizing by tourist agencies
and the realization that many of the waters in these
countries hold large numbers of specimen fish of
various species. This greater interest has brought with
it an increasing tendency to move coarse species
about leg Burkel 1971), and more introductions of
non-game species are probably taking place now than
at any other time this century (Plate 13). The discovery
in 1982 (Maitland  et at  1983) that ruffe were present
and established in Loch Lomond 100 km north of their
previous most northerly site was a surprise. Equally
surprising has been the apparent enormous increase in
their numbers in Loch Lomond since then (Table 2).
Table 2 Numbers of ruffe collected from the trash screens of a
water supply system at Loch Lomond
5 Stocking
A regular policy of stocking was once considered by
many (and is still thought by some) to be the main
management tool to be used in fisheries. The large
number of derelict fish hatcheries and ponds in many
parts of the country provides evidence of the faith of
past generations in this procedure. There is no doubt
that stocking is a valuable part of the management
policy of some fisheries, but it is only necessary where
spawning or nursery areas are inadequate to provide
recruitment for the angling or commercial fishing
pressure involved. The numbers of waters where this
is true are in the minority and are likely to remain so,
except where 'put and take' fisheries are being de-
veloped.
6 Legislation
There have been a number of changes in legislation in
recent years, following various attempts to introduce
alien fish species to different parts of the United
Kingdom. Fortunately, it is now much more difficult to
bring foreign temperate fish species into this country
and to move them from one part of the country to
another. Control is possible through sections included
in a number of Acts, the more important of which are
listed in Table 3.
62
Plate  73 The ITver Endrick near its junction w:t Loch Lomond Aosent 10 yfaar.5
introduced nere are now among the commonest species  Photogsaph P S Maitland'
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Br ta n It is also an offence under t!-)is Act to ntroduae
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the stock being introduced (Maitland 1979), and intro-
ductions from abroad should be considered only as a
last resort.
Where fish species new to the British Isles are being
considered, several factors should be taken into
account before any decision is taken to introduce.
i. There should be a real purpose behind the intro-
duction.
ii. It is normally highly undesirable to introduce
species that are likely to have a major influence
on the ecosystem.
iii. Consideration should be given as to whether or
not the species could be controlled readily.
The rainbow trout is an introduced species which has a
very high sporting value and which, though it usually
grows faster and may compete with the native brown
trout, is never likely to oust it or any other native
species because it rarely breeds naturally in this coun-
try, and so its numbers can be readily controlled. A
similar situation seems likely to hold with the grass
carp  (Ctenopharyngodon idella), which has been intro-
duced to a number of waters (Cross 1969) and is the
subject of world-wide interest as a means of controll-
ing aquatic vegetation (Shireman & Smith 1983).
Fish culture, especially of salmonids, has increased
enormously in importance in recent years in the British
Isles. As well as the evidence of pollution and eu-
trophication from fish farms which has been detected
in some systems, there seems little doubt that caution
should also be exercised in relation to damage to wild
stocks of fish, particularly that resulting from genetic
mixing and change. In developing certain strains of
previously wild species of fish to make them more
suitable for domestic purposes, they are almost cer-
tainly made less suitable for the wild. One of the
primary aims of the management of such stocks
should be to keep wild and farmed strains separate:
this separation is not being done at present. It seems
that many of the large farming units for Atlantic salmon
in Scotland have many hundreds of thousands of
young fish available for sale each year. Many of these
fish appear to be sold to private fisheries for stocking
in the wild. There are also many escapes to the wild
from farm units.
In spite of recent changes in legislation, there is still
room for improvement in various areas. The most
obvious loophole relates to the aquarium trade,
through which it is possible to import, quite legally, a
large number of foreign species which could un-
doubtedly become established in the British Isles. A
solution to this problem might be to produce a 'black-
list' of potentially dangerous temperate species which
are not allowed into the country without special per-
mits. Another problem, peculiar to Scotland, is the fact
that here there is no legislation comparable to that for
England and Wales, which aims to prevent fish being
moved from one major catchment to another. The
introduction of the ruffe to Loch Lomond, described
above, is a blatant example of this kind of introduction
and parallels, on a lesser scale, the infamous story of
the Nile -perch  (Lates niloticus)  to Lake Victoria and
other African waters (Barel  et al.  1985). There is no
legislation to prevent movement from England into
Scotland of species which are held to be indigenous to
Great Britain even though they may not be indigenous
to Scotland (ie it is not just a matter of lack of control
within Scotland).
At the time of writing (April 1986), the Salmon Bill
which is being discussed in Parliament has been
amended by the Ministry of Agriculture, Fisheries and
Food so as to remove control by Water Authorities in
England and Wales over introductions into fish farms
in their areas. This amendment would have the effect
of reducing the extent of Water Authority control over
introductions and seems, like several other alterations
to or omissions from the Bill, a retrograde step.
Welcomme (1986) recently proposed international
measures to control introductions.
Finally, in addition to developing adequate legislation, it
is extremely important that a social conscience in this
area is developed in the public mind — especially
among anglers, aquarists, naturalists and. others. Only
if this education is successful, can we hope to gener-
ate the advantages of fish introductions and transloca-
tions without receiving many of the potential disadvan-
tages. These codes of conduct among angling and
aquarium organizations, in particular, setting out the
dangers of moving fish around indiscriminately would
be a constructive step towards stabilizing the future of
our existing fish fauna.
8 Summary
The nature of fish communities and the fish fauna of
fresh waters in the British Isles was originally deter-
mined largely by the last glaciation and the separation
of southern Britain from the continental land mass.
With the retreat of the glaciers, many species with
marine affinities invaded most previously glaciated
fresh waters, especially barren waters in the north of
the country. Thereafter, the dispersion of species was
probably a rather slow, chance, process, involving the
gradual movement north of many species originally
confined to south-eastern England by the glaciers. In
recent centuries, humans have had an increasingly
important role in the translocation of fish within the
country and in the introduction of new species from
abroad, and now must be the dominant factor in
determining the changing nature of our fish fauna. The
fauna is made up at present of 55 established species,
12 of which have been introduced from abroad. At
least 12 other species have been introduced unsuc:
cessfully. Many native species have been (and are
being) moved successfully into new waters. The latest
dramatic example is the ruffe into Loch Lomond,
where it may now be the commonest species. Present
legislation to control such introductions and transloca-
tions, and knowledge of their impact on indigenous
stocks are inadequate, and should be reviewed and
improved. Equally important is the education of a
social conscience in those groups mainly involved in
the movement of fish anglers, fishery managers and
aquarists and recognized codes of conduct to control
the situation should be produced by appropriate gov-
erning bodies.
9 Acknowledgements
I am grateful to R N Campbell, R G J Shelton and R B
Williamson for constructive comments on the manu-
script of this paper.
10 References
Bare!, C. D. N., Dorit, R., Greenwood, P. H., Fryer, G., Hughes, N.,
Jackson, P. B. N., Kawanabe, H., Lowe-McConnell, R. H.,
Nagoshi, M., Ribbink, A. J., Trewavas, E., Witte, F. & Yamaoka,
K. 1985. Destruction of fisheries in Africa's lakes.  Nature, Lond.,
315,  19-20.
Burkel, D. L.  1971. Introduction of fish to  new  water.  Glasg. Nat.,
18,  574-575.
Campbell, R. N.  1971. The growth of brown trout  Salmo trutta  L. in
northern Scottish lochs with special reference to the improvement
of fisheries.  J. Fish. Biol.,  3, 1-28.
Cross, D. G.  1969. Aquatic weed control using grass carp.  J. Fish.
Biol.,  1, 27-30.
Healey, A.  1956. Roach and dace in the Cork Blackwater.  Rep. Sea
inld Fish. Eire,  1956,3-14.
65
Maitland, P. S.  1969. A preliminary account of the mapping of the
distribution of freshwater fish in the British Isles.  J. Fish. Biol.,  1.
45-58.
Maitland, P. S.  1972.  A key to the freshwater fishes of the British
Isles.  (Scientific publication no. 27.) Windermere: Freshwater Biolo-
gical Association.
Maitland,  P. S.  1974. The conservation of freshwater fishes in the
British Isles.  Biol. Conserv., 6, 7-14.
Maitland,  P. S.  1977. Freshwater fish in Scotland in the 18th, 19th
and 20th Centuries.  Riot Conserv.,  12.  265-278.
Maitland, P. S.  1979. The status and conservation of rare freshwa-
ter fishes in the British Isles.  Proc. Freshwat. Fish. Conf.,  1,
237-248.
Maitland, P. S.  1985. Criteria for the selection of important sites for
freshwater fish in the British Isles.  Biol. Conserv., 31,  335-353.
Maitland,  P. S., East,  K. & Morris, K. H. 1983. Ruffe,  Gymnocepha-
lus cernua  (L.), new to Scotland, in Loch Lomond.  Scott. Nat.,  7-9.
Munro, W. R.  1957. The pike of Loch Choin.  Freshwat. Salmn Fish.
Res., Edinb.,  16,  1-16.
Nature Conservancy Council.  1979.  Wildlife introductions to Great
Britain.  London: NCC.
Scott, T.  1901. The marine and freshwater fishes. In:  Fauna, flora
and geology of the Clyde area,  edited by G. F. S. Elliott, M. Laurie &
J. B. Murdoch. Glasgow: University Press.
Shireman, J. V.  &  Smith, C. R.  1983. Synopsis of biological data on
the grass carp.  Ctenopharyngodon idella  (Cuvier and Valenciennes
1844).  FAO Fish. Synopsis,  135,  1-86.
Welcomme, R. L.  1986. International measures for the control of
introductions of aquatic organisms.  Fisheries,  11,  4-9.
Wheeler,  A.  &  Maitland, P. S.  1973. The scarcer freshwater fishes
of the British Isles. 1. Introduced species.  J. Fish. Biol.,  5, 49-68.
66
Multi-purpose use of waters
M L PARRY
Severn Trent Water Authority, Birmingham
1 Introduction
Alistair Cooke has reminded us that James Madison
was once accused of seeking to make human frailty
the basis of good government. He replied, 'I know of
no other'. The essence of multi-purpose use of water
space may almost rest upon human perfection. Any
• gap between aspiration and achievement is referable
to human frailty, and this becomes a factor in all our
calculations.
I work for a Water Authority, and Water Authorities are
much concerned with multi-purpose use. Most of
what I have to say refers to that situation. We are not
alone in taking the view that the conservation of
wildlife and recreational use can co-exist. 'Manage-
ment for nature conservation can be compatible with
access by the public to enjoy the special character of
an area and for a range of recreational uses provided
that these activities are suitably controlled to .avoid
damage to the nature conservation interests' (Ratcliffe
1977).
The meeting at which this paper was originally given
primarily discussed angling, and anglers have always
accepted the need for discipline and control in carrying
out their sport.
A word, then, about the genesis of multiple use — I
mean multi-use, not over-use — of Water Authority
reservoirs in England and Wales. The Water Act 1973
which created the reservoirs laid upon them a duty
(Section 20) to make the best use for purposes of
recreation of their waters and lands associated with
waters. The Wildlife and Countryside Act 1981, by
modifying other sections of the Water Act, requires
Water Authorities to further the conservation of wild-
life  inter alia  in formulating and carrying out any of their
statutory functions, of which the provision of recrea-
tion is one. Allowing for human frailty, resolving these
2 inherently conflicting requirements becomes in itself
an objective. I want to speak of the policies, the
methods and the results, the last of these by reference
to a few case histories.
2 Policy
Water Authorities were reconstituted in 1983 and
among the changes was a break with the local
government-based structure of their previous 10
years. The deemed loss of public contact was made up
by establishing a consultative network of committees,
one of which is the Recreation and Conservation
Committee. In Severn Trent, this committee consists
of 22 members to serve 8000 square miles, and there
was much agonizing at its conception over the ques-
tion of the balance of conservation as against active
recreation. The solution has been to depart from the
majority vote system and to report on the views of the
various interests. So far, it appears to have worked
very well indeed. The remit of the Committee is to
advise the Board, but usually executive action follows
from their recommendations without taking the matter
to Board level. Common ground is far more common
than the pessimists had supposed, and I suspect that
Madison had something similar in mind 200 years ago.
It is fair to say that the great bulk of development had
already taken place by 1983, along with the policy
guidelines for development of recreation that have
served for 91/2 years. There are, however, still a
number of management and occasionally capital de-
velopment decisions to be taken. Any scheme for
using any land or water space for recreation must
satisfy all of the following criteria:
i. suitability of the site;
ii. demand for the specific type of facility in the
area;
iii. benefit to cost ratio, particularly in relation to the
number of users;
iv. compatibility with operational uses and conserva-
tion considerations (the conservation require-
ment is new);
v. likely benefit to the Authority image (and why
not?).
Clearly, this filtering system can also be applied by
allocating points to produce a ranking of merit for
various proposals, if there happens to be competition
for finance.
There is also a general policy to lease to user associ-
ations or commercial interests,  where appropriate, the
recreational facilities on the Authority's lands and
reservoirs so that the management is passed to
another organization. The main problem arising from
this arrangement is, at least, that any protection for an
interest other than the one actually being leased out
must be incorporated by way of clauses in the lease,
although, of course, one seeks to achieve most of the
fine tuning by common agreement. It is, however, a
fact of life that a lessee who may have invested
considerable funds requires to know exactly where he
stands, and the lease document is the wall to get his
back against. However, it is a cumbersome and not
very flexible way of coping with a situation which is, in
essence, flexible.
Objectives change with time, and new information
about wildlife, or new priorities for providing either
recreation or conservation, are always coming for-
ward; it is extremely difficult to respond to such
changes when much of the public use of the water
surface is governed by a rigid legal document.
Although, therefore, leasing out of a facilities is good
news from the point of view of minimizing the Author-
ity's involvement in unwanted local site management,
it is not necessarily good news for adjusting the
delicate interplay between competing requirements of
multi-purpose use. It introduces rigidity where flexi-
bility is required.
More recently, the Authority has also agreed land-
scape and conservation policy guidelines to comple-
ment the above. They depend upon:
i. an evaluation of the site for conservation;
ii. the choices of action to be considered;
iii. compatibility with the main objectives of the
land-holding and with recreation policy;
iv. apportionment of the facility between users with
perhaps a prime user element;
v. consistency with a sound overall conservation
policy.
It follows, then, that when any new facility is being
considered there is an iterative process which leads to
a final apportionment for such multi-purpose use as its
size and nature will permit.
3 Methods
I will not deal with the family of conservation-oriented
activity that arises from physical engineering works
like river drainage. The relationship between active
recreation and the conservation of wildlife on a site is
influenced by the timing, location and obtrusiveness of
the activity(ies) and the space/time requirements of
the animals or plants to be conserved — and their
relative vulnerability. It is sensible to regard all types of
recreation and the conservation of wildlife together as
forms of land use, and to turn aside for a moment from
a rigid classification into one or the other. There is
really a continuous spectrum, and the more tranquillity-
dependent these users are, the more easily they are
displaced. For instance, roosting or feeding wildfowl
and the bird-watchers who enjoy their presence need
protection from disturbance from anglers who, in turn,
need protection from sailors who may, in turn, need
protection from motor-boaters or water-skiers. Man-
ning (1980) recalls that in 4 rivers in Vermont 'fisher-
men differ from other user groups in being more
traditional, older, relatively declining in numbers, and
experience more management problems and conflicts,
express lower levels of satisfaction and lower toler-
ance of higher use tendencies'.
Time zoning can be very effective between sports, and
sometimes between use for recreation and for con-
servation. Space zoning is more popular in resolving
this type of potential impact. The concept of a refuge
area for birds is very well proven. Watmough (1982)
attaches great importance to this idea, as can be seen
by his observations on 2 Derbyshire reservoirs which
are used for fishing, sailing and walking, as well as
being important for wildfowl conservation. Any
method adopted is inevitably vulnerable to human
frailty and, in this event, simply to those people who
will not obey the rules and insist on trespassing where
they are not supposed to go. These rules need to be
generally adopted by common consent and persua-
sion, but they work better if there is a real sanction. For
this reason, users with something to lose are the more
welcome ones. A fisherman with a season permit is
less likely (one might think) to hazard his privilege by
trespassing than someone who is a mere day permit-
holder and he, in his turn, is a better bet than the
casual walker or other visitor with nothing to lose at all.
Clubs who can be relied upon to enforce their own
rules are, therefore, quite popular tenants.
It is a matter of some regret that more is not done to
monitor the actual success of these arrangements, not
only because all observations involve much effort, but
also because interpretation of these always presents
problems. Birds ought to be easy to monitor as
compared with fish: they are, after all, easy to see and
their reactions to disturbance equally so. However, the
interpretation of the long-term significance of such
observations does offer substantial difficulties.
4 Examples
Figure 1 shows the number of activities that take place
on Severn Trent reservoirs. The most frequent is
nature study (24), followed by game fishing (21),
informal walking, picknicking (14), sailing (9), coarse
fishing  (7),  sub aqua (5), canoeing (3). There are also
sundry minor activities.
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Figure 1. The number of different activities on 34
Severn Trent reservoirs
Birds need sites for nesting, feeding young, feeding as
adults, moulting, loafing and roosting. These activities
take place in different locations at different times of
the year. Birds are also more vulnerable to disturbance
than other forms of wildlife associated with reservoirs.
It is almost certain that any activity by or on the water
will have some impact somewhere, and this impact is
rarely one of habitat degradation (eg the lead and
swans situation). It is more usually one of disturbance.
It is very hard to decide on the importance of the latter
in some cases, but Tydeman (1977) recorded the
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importance of the coarse fish close season on breed-
ing bird numbers at certain wavel pits, by comparing
the situation in 2 successive seasons without and with
a close season. Not merely waterside birds but also
passerine birds were affected: 4 species of waterside
bird increased and one decreased, while 20 passerine
species increased and 2 decreased. There were sever-
al records of birds breeding there for the first time.
There was also evidence that damage to vegetation
during the growing season was, in this case, a factor.
We can also observe waterfowl roosting or feeding on
water areas taking flight when disturbed, and counts
of numbers of birds on reservoirs can be very reveal-
ing. Owen (1983) mentions the great importance of
man-made wetlands in providing roosts and feeding
areas, and records the steady rise in the count of
wildfowl using the English and Welsh waters in winter
over the past 20 years (this record refers to important
species of inland wintering wildfowl). Nine species
have increased, 3  have remained steady, and the only
decline has been locally in the mute swan (Cygnus
olor). Assessment of the long-term impact of any
disturbance pattern on the migrating species is very
hard to measure. Those species with a home range are
much easier to study in this respect. I must admit hat I
always encounter great difficulty in getting profession-
al conservationists to talk in terms of the number of
these species that ought o be a target for conserva-
tion. The implication, obviously useful in management
terms, would be that once these numbers are reached
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there is no longer any continuing need for other types
of activity to defer to them, and no need to keep areas
quiet. It might also be thought that, in the absence of
some such targets, certain species might become so
numerous as to risk succumbing to disease. As con-
servationists will not tell me what population level is
needed, I have to try a different approach.
Ladybower reservoir in Derbyshire provides a case in
point. This is a large reservoir of some
 160  ha. The
whole valley is a breeding site for the common sand-
piper  (Actitis hypoleucos)  and, when the valley was
part inundated by the construction of dams, the birds
simply began to breed round the shingle banks of the
lake shores.
Holland  et al.  (1982) recorded breeding behaviour and
the feeding sites of these birds. The lake is used by
boat and bank game fishermen and the mechanism of
interference is therefore variable with the season.
Breeding and feeding sites are shown in Figure  2,
along with the location of anglers. Access to stony
areas of foreshore is vital to feeding the young of
these birds. Their survival depends upon their weight
increasing from
 8  g to  20  g in the space of  3  weeks
after hatching. The presence of shore anglers in feed-
ing areas near to nests is very important during this
phase. It is thought unlikely that they would affect the
adults during their mating, laying or incubating phase,
because the nests are some way back from the shore.
LADYBOWER RESERVOIR
Common sandpiper
Figure 2. Feeding and breeding sites of the common sandpiper on Ladybower reservoir and sites used by anglers
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Figure 3. The number of anglers at Draycote and Ladybower reservoirs in relation to the sandpiper breeding
season
After flight, the juveniles are not vulnerable and soon persist in using Draycote in considerable numbers.
leave the area anyway. Figure 4 is based on figures provided by G Harrison
Figure 3 shows the numbers of anglers attending
Ladybower reservoir during the game fishing months.
Numbers are considerably reduced in June when
juvenile feeding of the sandpiper is most important. It
may, therefore, be possible to set aside areas of
foreshore for the benefit of the birds during this month
when they most require it and when anglers require it 800—
somewhat less.
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As a working principle, therefore, it may be that we
can aim to achieve not the ultimate for the anglers and
not the ultimate for the sandpipers, but a good viable
facility for both and, important in human terms, the
presence of sandpipers is certainly an interesting
addition to the visitor experience. This principle is an
exceedingly important one and is often referred to, by
me at any rate, as 'viability'. It is important that, in
seeking to achieve multi-use, the facility must be large
enough and of a character that permits all the pro-
posed activities to take place to an effective extent. If
the fishing is impaired so that attendance increasingly
drops off, or if the numbers of sandpipers go into a
successive decline, then this requirement has not
been met — always provided, of course, that other
factors are not called into play.
Taking another large waterbody (Draycote, 240 ha, in \/\-lowland Warwickshire) as an example: although in the
original planning a fairly high degree of recreational Grebe
activity was planned for this reservoir, leaving, the
other reservoir of the former Rugby Joint Water Board,  Figure 4. Year-to-year variations in peak wildfowl
Stanford, as a bird refuge, the birds nonetheless  numbers at Draycote Water
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Pochard
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and shows how the numbers of 6 species have
progressed from year to year. To some extent, the
fluctuations are referrable to the natural development
of a new inundated water area, but walking and
bird-watching around the perimeter have increased
since 1978, and we are having to look carefully to see
whether these factors are contributing to the decline in
numbers over the past 2 or 3 seasons. Birds having
alternative places to go, for instance wigeon
 (Anas
penelope),  change grazing areas if disturbed from the
shoreline, and therefore their peak numbers show no
decline, although the peaks nonetheless occur after
the fishing season which ends on 25 OCtober. It is
unfortunately not feasible, due to the proximity of the
perimeter track at Draycote, to have a fully effective
refuge area.
Such an area, however, is extremely important. At
Staunton Harold reservoir in Derbyshire, there is a long
arm which is very effective as a refuge zone. The other
main activities on the water are sailing and coarse
fishing, but both are confined to the wider part of the
reservoir.
In planning such refuge areas, the scare distance
(Figure 5) is an important consideration (Watmough
1982). The scare distances themselves, however, vary
with the season. In hard weather, birds are much more
•••
••••
•• ••
Figure 5. Distances from disturbances at which mallard take flight
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tolerant, but by the same token, if they are caused to
fly, the drain on their energy budget can become
serious. The loss of feeding time due to disturbance is
probably even more important in winter conditions.
The best arrangement from the point of view of
conserving wildlife is to have weekend recreation and
a good refuge area, but the latter is still effective even
if recreation is almost continuous. The impact on
numbers of birds seen on the water, however, is not
the same as an index of the overall impact of recrea-
tion on the total population.
The River Avon in Warwickshire is used extensively for
motor-cruising. The effects of boating and river en-
gineering on macrophytes and associated species
cause harm, but one cannot demonstrate that fishing
is causing any damage to the wildlife interest. Tram-
pling by anglers along the riverside may affect the
vegetation, but may also have the effect of increasing
the species diversity by eliminating the shady cover
afforded by dominant species like nettles
 (Urtica
dioica)  and great willowherb  (Epilobium hirsutum)  be-
cause the pressure is fairly light and intermittent.
Fishing pitches, however, are often quite seriously
eroded but the effect is local. There is an impression
among the users of cruising boats that the river is
'teeming with wildlife', but this is true in fact only of
species that are fairly tolerant of humans. The shier
species have tended to disappear since the river was
opened in 1974 between Stratford and Evesham to
motor-cruising. This development demonstrates,
again, the 'order of vulnerability' argument.
5 Conclusions
There is a good deal of information on the vulnerability
and the robustness of plants and invertebrates,
enough to encourage viable multi-use of many waters
to be planned fairly intelligently. It is necessary that
such planning is flexible, and it is therefore important
that management plans are no more rigid than is
necessary. It is important for the vulnerable end of the
user spectrum, whether of recreational activities or
wildlife, that these planning rules are, in fact, carefully
drawn up and followed, and an appropriate manage-
ment structure is essential. Too harsh a regimen in this
respect can, if carried to excess, destroy what it seeks
to preserve in terms of human enjoyment. It is very
doubtful whether this planning should therefore be
carried to the extent of being enshrined in actual
byelaws or other apparatus involving the panoply of
the law. The current proposal to consider a byelaw
banning the use of lead for angling must be seen in
this context.
6 Summary
The advantages and the problems of multi-use of
waters have been experienced in several permutations
by Water Authorities, because these bodies have to
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satisfy statutory requirements to use their waters both
for recreation and also to further the conservation of
wildlife in all that they do. The policy which the Severn
Trent Water Authority has developed in response to
these 2 requirements is described. Experiences on
some of the waters managed by STWA are presented,
and the results of research on the action of recreation
on wildlife are mentioned. It is necessary to choose
activities and conservation objectives with care. The
concepts of 'compensatory conservation' which uses
the potential of a site to reinforce some conservation
aspect to compensate for the deterioration of another,
and of viability so that any activity or conservation
objective selected should be of worthwhile propor-
tions, are introduced and discussed.
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Angling and wildlife conservation
D W MACKAY
Clyde River Purification Board, East Kilbride
1 Introduction
Angling and wildlife conservation increasingly appear
to be inimical to each other. There are undoubtedly
genuine conflicts of interest which are not resolvable
by consultation and better understanding, but it does
seem that there is scope for more co-operation and
less antagonism between the groups concerned with
the fresh waters of Great Britain. Interests range from
scuba-diving in reservoirs, through canoeing in tor-
rents, to angling in all its forms, and the conservation
and study of animals and plants. Unfortunately, in
British society there is a tendency towards the adop-
tion of 'purer than thou' attitudes, leading to snobbish
behaviour, a degree of arrogance, and, inevitably,
conflict. Within angling circles, the dry-fly fishermen
often consider their art to be 'purer' than that of the
wet-fly or bait fishermen. The salmon angler feels
superior to the trout fisherman and coarse fisher in
that order, and so on. Outside angling, those whose
interest lies in the conservation of rare species look
down on those who conserve, for example, game
birds and wildfowl with a view to harvesting a propor-
tion of them. Anglers and bird-watchers alike abhor
those whose interests result in noise and movement,
the ultimate example being the water-skier behind a
high-powered boat. This paper attempts to defend the
angler within the context of conservation in its wider
sense, and especially against those who equate con-
servation with the absence of human activity or in-
terference. Much of this paper's content is based on
my own experience as a water pollution control official
and as Vice-President or Secretary of the Scottish
Anglers Association for nearly 20 years.
2 The role of the angler
Angling has often been referred to as 'the gentle art'
and in times past the image of the angler would have
been of a man in accord with nature. In the many
thousands of books which have been written by, and
for, anglers, it is quite clear that the recreation is
concerned with a great deal more than the capture of
fish. The angler, if he was to be successful, had to
understand a great deal about the aquatic environment
and its inhabitants. The good angler would be able to
identify at least some of the insect larvae and adults,
he would know the seasons for emergence, and he
would be aware of the inter-relationships between the
various life forms of the stream or pond. In short, the
angler would not have been thought of as merely a
hunter of fish, but as a bit of a naturalist, interested in
many of the aspects of the river or lake where he
pursued his hobby, and a natural part of the country
scene.
Times have changed, however, and in recent years
angling and anglers have been in dispute with other
water users. Anglers have protested about the activi-
ties of boaters, canoeists and water-skiers, and in turn
have been subjected to criticism by those who see
angling as detrimental to, or competing with, their own
enjoyment of the waterways.
The anti-blood-sport league has branded angling as a
cruel sport, a viewpoint that anglers are particularly
sensitive to as it is at variance with their own image of
themselves.
Research has shown that some of the practices of
anglers are harmful not only to fish themselves, but to
the riverine habitat in general, with vegetation and
birdlife particularly damaged.
Anglers are now on the defensive, accused of direct
cruelty to fish, indirect cruelty to other animals, vandal-
ism to property, the thoughtless destruction of habi-
tats, interference with breeding birds, and of littering
the water and waterside with their rubbish and, in
particular, the deadly by-products of their sport, lost
and discarded tackle. As a result of press attention and
reports in the general media, the public have become
more aware of the issue recently, further increasing
the 'anti-angling' feeling and leading to an isolation of
anglers themselves.
The previous image of the angler as someone who
moved in the countryside, in tune with nature, quietly
pursuing his harmless hobby has been shattered. Was
this previous image false? Has the angler changed in
modern times (as his tackle has), and is there a lack of
perspective among the critics so that faults are mag-
nified and good points diminished or forgotten? In all
these matters a sense of proportion has to be intro-
duced and, in terms of acceptable social behaviour, the
number of critics, as opposed to the numbers of those
whose conduct is being criticized, must be weighed in
the balance.
In a country where wildlife conservation is seen by
many activists as an exercise in keeping other people
out of their area of influence or interest, the present-
day angler can easily be identified as a problem rather
than as a benefit.
In the first place, there are so many of them. It is
estimated that there may be over 3 million anglers in
Britain, and as a participant sport it rates among the
most popular. In terms of actual outings, it would
appear that there are more angling engagements per
year than attendances at professional football match-
es. This perhaps gives some idea of the demand for
access to water that is being generated (Travis Com-
mission 1981).
In addition, anglers are mobile — some are equipped
and willing to travel long distances to practise their
recreation — and they are willing to trek into remote
areas on foot to fish a loch or stream picked from a
map as a likely prospect. It is interesting to note here
that in the Travis Commission report, anglers rated
'the chance to be alone in a quiet peaceful spot' as one
of their main motivations for engaging in the sport.
Anglers have wide and varied tastes for different types
of fish and different types of waterbody. Salmonids or
coarse fish; individual specimens or catch measured in
weight per hour; torrent, river, canal or estuary, lake or
tarn, reservoir or gravel pit — anglers like them all. They
can find interest and enjoyment in almost the full range
of aquatic habitats available in this country.
Even if anglers were not highly mobile, they arise
naturally from the local community in every part of the
country. They are to be found in all socio-economic
groups and in every trade and profession.
They are also represented in every age group — they
tend to start angling before they are in their teens and
are still fishing after they have retired from work, and
from almost all other kinds of active sport.
Anglers are vocal, they are to a certain extent well
organized, they form a significant political pressure
group, and they can, if the need arises, generate large
quantities of cash to purchase the right of access to
fishing water.
It is perhaps hardly surprising, then, that various other
groups with special interests in conservation have
tended to distance themselves from the anglers, to
criticize them, and to see them as competitors rather
than allies. These differences are especially evident
where the mode of operation of the conservation
groups involves the reduction of human pressure.
Anglers, in turn, are very sensitive to the possibility of
tracts of water being denied to them, especially if
historically they have had access. Several lochs and
reservoirs in central Scotland have been closed to
anglers either entirely or in part during the wildfowl
breeding season.
The possibility of continuing and growing conflict to
the detriment of both wildlife and humans is very real,
and may only be reduced by a better understanding of
the needs, contributions, and interdependence of all
those concerned.
Having established that anglers and angling represent
a major influence, for good or ill, on the freshwater
habitat of this country, we may now consider what
positive direction that influence has taken.
3 The contribution of anglers to wildlife conservation
If we accept that wildlife in fresh water includes fish,
and that the whole pyramid, from the kingfisher  (Alce-
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do atthis)  downwards, depends on fresh water being
able to support the small plants and animals which
form the base of the productivity structure, then
anglers have made a significant contribution to con-
servation in Britain.
River purification and, more recently, the control of
pollution in still bodies of water have received
tremendous encouragement from anglers over many
years. Without their political involvement and pressure
on a succession of Governments, the maintenance
and, indeed, improvement of many of Britain's rivers
and waterways would never have taken place. The
angling political lobby did much to retain the independ-
ence of River Purification Boards in Scotland, and the
water pollution control legislation throughout Britain
would not have been drafted or enforced in its present
form without that continuing involvement.
Quite apart from the development of legislation, River
Purification Boards are very dependent on anglers to
warn them of pollution incidents, some of which
would otherwise go unnoticed (Clyde River Purification
Board 1985). Sources of pollution of waterbodies in
Britain can be subdivided in 3 ways. First, there are the
discharges through pipes, licensed by the pollution
control authorities, monitored by them, and probably
controllable without outside help. Second, there are
the incidents, amounting, in my own Board's area, to
many hundreds each year, which involve an unex-
pected release of pollutants and which are normally
detected by an observer on the river bank, often an
angler. These incidents might include releases of
silage liquor or slurry from farms, spillages of oil from
ruptured storage tanks or vehicles, acts of vandalism
involving the release of chemicals or oils from storage
areas, illicit dumping, careless use of agricultural
chemicals, including sheep-dip and other pesticides,
and so on.
In Scotland at least, the vast majority of such incidents
which are reported to the pollution control authorities
are reported by anglers — very few by other members
of the public. It is the knowledge that anglers are about
and will report such incidents that stops many of our
rivers being open drains. There is no doubt (in my
mind) that, without the influence and concern of
anglers, many of our rivers and estuaries would still be
devoid of wildlife. As it is, the return of benthic fauna,
then fish, then fish-eating birds and mammals to
several of our most important rivers, including the
Thames, the Clyde and the Tyne, owes much to the
dedication and political pressure of anglers.
The third source of pollution presently threatening
rivers and lakes is diffuse, such as the drainage of
nutrients and pesticides from land, or acid rain from
the atmosphere. These incidents have in some cases
been highlighted in the first instance by anglers, who
found that the fish or flies in which they were in-
terested were disappearing, or were being affected in
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some other way. Loch Enoch and Loch Fleet in
south-west Scotland provide good examples (Watt
Committee on Energy 1984).
Many examples can also be given of anglers providing
a very direct and local influence on conserving wildlife
habitats (Tivy 1980; Gove 1985).
Anglers have had much involvement in ensuring that
drainage channels, at their most efficient for water
removal when absolutely straight and uniform in sec-
tion, retained some of the characteristics of a natural
river, with bends, bankside vegetation, pools and runs.
However, it should also be stated that vegetation is
often cut back by anglers to permit easier access for
fishing (Swales & O'Hara 1983).
When hydro-electric schemes and dams for other
purposes have been built, anglers have promoted
moves to ensure the passage of fish, the release of
compensation water to maintain a reasonable river
flow downstream, and the avoidance of abrupt
changes in water level in the reservoir, thus protecting
a variety of wildlife forms (Pyefinch 1966).
The control of afforestation to protect rivers is also a
major concern of anglers. They have done much to
encourage a sensible drainage policy on hill slopes so
that erosion does not fill the adjoining watercourses
with silt. Forest owners have been persuaded to plant
conifers back from the sides of streams and ponds to
allow the natural fauna to thrive (Mills 1980).
Anglers have campaigned successfully to limit the
effects of sand and gravel extraction, within the river
channels, thereby protecting many species of sensi-
tive insects, the spawning beds of salmonid fish, and
the whole character of the river bed, which may be
subject to substantial change when individual compo-
nents are selectively removed. A good example is the
stopping of sand and gravel extraction from the River
Clyde in central Lanarkshire.
Recent legislation on small dams, involving the need
for careful and expensive inspection by consulting
engineers, has encouraged dam owner's, including
farmers and local authorities, to empty the dam and
breach the containing walls, thus avoiding the expense
of the surveys. However, the result has been a loss of
desirable habitat for aquatic life, and anglers, through
the Scottish Anglers Association, have been active in
trying to ensure that such dams remain intact.
Many worked-out gravel pits and similar holes-in-the-
ground, have been reclaimed as amenity lakes —
principally for fish — but, as has been said previously,
inevitably providing benefits and habitats for other
forms of wildlife.
No doubt, there are other examples of how anglers are
working towards wildlife conservation in the aquatic
environment, and they should be in a position to be
included within the conservation groups.
It would be a pity if the differences of viewpoint and
competition for the privilege of managing some of this
country's scarcest and most valuable resources result
in conflict which would be harmful to the practice of
conservation in the widest and most general sense of
the word. It has to be accepted that all human con-
servation activities, no matter how altruistic they may
appear, are for our pleasure and are essentially selfish
in nature. Furthermore, there are very few of our
conservation activities that do not interfere with the
desires and aims of other people, so that conservation
of wildlife is essentially restrictive and exclusive in
human terms.
Education and a fuller appreciation of the conse-
quences of careless action by anglers are required.
The message should be delivered in as friendly a way
as possible, and I feel sure that the principal angling
organizations will do their utmost to promote good
conduct and practice among their members.
Great Britain is a very small country, and there is a
large and growing demand for access to, and use of,
bodies of fresh water. Anglers view with concern the
attitude of groups which seek by direct ownership, or
by management agreements, to obtain effective con-
trol of freshwater habitats and then restrict human
activity in favour of mammals, birds, and those few
people deemed qualified to enjoy observing them. In
some cases, this approach may be the only effective
one for the long-term conservation of the wildlife, but
there would appear to be scope for a balancing of
interests so that the optimum benefit for people and
wildlife can be derived from the management strategy.
Conservation has to be positive, but I would strongly
recommend co-operation as opposed to confrontation,
communication instead of recrimination, and an appre-
ciation of other points of view.
4 Summary
Angling and wildlife conservation are increasingly
being identified as in conflict with each other. The
angler, as seen through the eyes of some other
enjoyers of the waterside environment, can be intru-
sive, damaging, insensitive and, at times, vandalistic.
Anglers are becoming a focus of attention for the
anti-blood-sport movement, and there is increasing
antagonism between anglers and those who seek to
promote other forms of life, in particular birds, associ-
ated with water. The main problem with anglers is that
there are so many of them. As individuals and groups,
they have done much to conserve our waterways and
associated fauna and flora. Much of the general critic-
ism levelled against them is unfair to the vast majority,
and this paper sets out to say something of the
favourable impacts which anglers have on 'conserva-
tion'.
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Angling and wildlife conservation — are they incompatible?
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1 Introduction
The publication of which this paper is a part is based on
a series of papers presented at a joint meeting orga-
nized by the Scottish Freshwater Group and the British
Ecological Society in October 1985. Those invited to
contribute to the meeting were asked to confine
themselves to the theme of angling and wildlife in
fresh water; otherwise, no restrictions were placed on
the presentations. As a result, the approaches to the
topic have varied: some are based on recent unpub-
lished work, others are reviews of the state of know-
ledge, yet others represent statements of opinion
rather than presentation of facts. These attitudes
reflect the, sometimes controversial, public debate in
which conservationists produce most of the data and
anglers express their strongly held, but often less
factual, opinions. All the papers have been edited and
commented upon by independent referees (to whom
we are very grateful), but the final texts are those of
the authors and do not necessarily reflect the views of
the editors, the Scottish Freshwater Group or the
British Ecological Society.
The evidence presented would seem to indicate that
the activities of anglers do harm certain kinds of
wildlife in some situations. The conflicts have been
reviewed by Edwards and Bell (1986). Much of the
current controversy has arisen over the impact of lead
fishing weights on swans  (Cygnus olor)  in England
(Thomas  et al.  1987), and there is no doubt that this is
a serious problem in some areas. Anglers' litter, in
addition to being unsightly and present in surprisingly
large amounts at popular fisheries (Edwards & Cryer
1987), also has a serious impact on some birds and
mammals. The presence of anglers often disturbs
birds (Cooke 1987) and mammals, but, in some cases
at least (eg otters  (Lutra lutra)),  this disturbance may
not always be as serious as often supposed (Jefferies
1987). The activities of anglers can also alter the
habitat in various ways (Murphy & Pearce 1987),
sometimes unintentionally (eg by trampling down
vegetation), but often intentionally as a management
procedure (eg weed cutting and bank clearance).
Anglers may also impinge directly on the biological
communities involved by poisoning unwanted fish
species (Morrison 1987), shooting supposed predatory
birds (Mills 1987) or carelessly introducing new spe-
cies to a water by releasing live bait at the end of a day
(Maitland 1987).
Anglers respond to the accusations of harming wildlife
in a number of ways. On the positive side, they point
out that on a number of waters satisfactory multi-
purpose use has been achieved where anglers, bird-
watchers and other groups of people appear satisfied
with the situation (Parry 1987). In addition, partly
because they are so numerous and therefore a power-
ful lobby, anglers also help to conserve natural waters
by opposing pollution and other aspects of environ-
mental damage (Mackay 1987). They are also an
important element in detecting serious pollution inci-
dents at an early stage and warning the authorities
accordingly. On the other hand, some anglers deny
that there is any evidence of damage. Others place the
blame on a small unrepresentative minority of the
angling fraternity, and point out also that there are
many other types of water users creating similar
problems — litter, disturbance, pollution, habitat dam-
age, community modification, and so on.
It is the purpose of this paper to review the real
problems in this conflict and to suggest ways in which
they could be solved to the mutual satisfaction of both
anglers and conservationists.
2 Problems and solutions
The increasing evidence of damage to swans and
other wildfowl from lead fishing weights (and attached
nylon) lost or disposed of by anglers makes it quite
unacceptable that the situation can continue, and
indeed considerable effort has gone into finding
acceptable alternatives to lead. These alternatives are
now available and there seems no reason why the
manufacture, sale and use of the original dangerous
weights should not stop, preferably voluntarily, but
more realistically through appropriate legislation
(which is at present receiving approval). How rapidly
the environment will recover from such a ban is
uncertain for, whilst past accumulations of lead shot
are likely to remain for decades, centuries or even
millennia, their accessibility for wildlife may be more
limited in time.
Litter is a common problem in human society, always
involving unsightliness and sometimes danger to wild-
life and humans. Much angling litter is commonplace
(eg waste paper, food cartons) but some is quite
characteristic of the culprit (eg bait cans, hooks and
nylon line). Angling is, to some extent, an organized
sport, and there seems every reason to suppose that,
if the will is there on the part of both angler and site
manager, litter could be controlled. In some instances,
more thought needs to be given to site design and
maintenance, and further efforts devoted to the de-
velopment of angler tackle, such as line which, once
discarded, is recovered easily or degraded naturally.
Although anglers do disturb birds and mammals (and
fish!), so do many other waterside users, sometimes
to an even greater extent where large numbers of
people are involved. However, that should not be an
excuse for anglers to evade their responsibilities. The
onus is partly on them and partly on other interested
groups to safeguard important wildlife areas or species
by restricting their activities to the least vulnerable
areas. Whilst there may be aspects of behaviour which
distinguish the angler from other groups, perhaps the
onus in safeguarding important wildlife areas or spe-
cies lies with the conservationists, in restricting access
and directing the public in general, as well as anglers in
particular, to the least vulnerable areas.
Much habitat modification, however, lies in the hands
of the managers of fisheries. Where the damage is
indiscriminate (eg damage to vegetation by trampling
or boats), there may need to be some restrictions. In
addition, in considering bank clearance or river en-
gineering of any kind, much more thought could be
given to the needs of wildlife (eg the importance of
cover to otters on at least one bank). The suitability of
an area for different types of fishing also needs to be
considered. Boat fishing, for example, may be more
acceptable than bank fishing at a particular site be-
cause it would cause less disturbance to breeding and
feeding birds.
The control of unwanted fish species by poisoning,
and bird and mammal predators by shooting, once an
entirely acceptable part of fishery management, has
caused considerable controversy in recent years. The
ecological basis for such practices is now being ques-
tioned, and a considerable amount of research needs
to be carried out in the field of population dynamics,
and particularly in such areas of competition as
predator-prey relationships, before the efficiency of
these practices can be rigorously assessed. The
wholesale destruction of entire fish populations by
piscicides simply to replace them with favoured
(usually salmonid) species should also be considered
more carefully than at present, taking into account all
the relevant wildlife factors, including the needs of rare
fish species. As well as removing fish from systems,
anglers have been one of the main factors in the
dispersal of fish species within the British Isles and
here, too, much more control is needed if important
systems and communities are to be adequately pro-
tected.
The idea of fish being regarded not only as the angler's
quarry but also as wildlife requiring protection (Mait-
land 1985) may be taken further, and damage to fish
stocks may be caused even when fish are returned to
the water after capture. Some angling practices (eg
keep-nets and weighing-in procedures) may adversely
affect individual populations which are heavily fished.
Groundbaiting may also have profound local effects on
benthic communities, even though its contribution to
the budgets of organic matter or phosphorus at sites is
rarely substantial (Edwards & Fouracre 1983).
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3 A code of conduct
Further legislation is often put forward as the best way
of dealing with many of the kinds of problems discus-
sed above. In fact, many of them are already covered
by existing legislation (eg litter disposal, use of pisci-
cides, introductions of fish) and, although this legisla-
tion could (and should) be improved and strengthened
in some areas, another useful (and parallel) approach is
through the development of a wider awareness
among those involved in the problem. In the case of
angling, the development of a code of conduct should
be undertaken by the main national angling bodies.
Unfortunately, at present, only a minority of anglers
are associated with a club or organization, a situation
that needs to be changed if any code of conduct is to
be widely adopted. Perhaps more anglers would be
willing to join organizations if more of the 'best' angling
sites were controlled by (and therefore the responsibil-
ity of) local angling associations. Some of the most
important suggested items considered in such a code•
could be as follows.
i. Materials used by anglers should be as harmless to
wildlife as possible. In particular, the use of lead
should be completely phased out and, where pos-
sible, degradable lines, etc, should be developed.
ii. Anglers should be strongly encouraged to take all
litter home with them or dispose of it safely.
Those responsible for managing angling sites
and organizing competitions should provide litter
receptacles, where appropriate, and penalize
anglers responsible for littering.
iii. Anglers should be encouraged to be more aware
of the damage certain practices cause to habitats
and to avoid such activities. Those responsible
for managing sites should consult conservation-
ists about the wildlife value of angling sites, and
in particular about the presence of sensitive
species. They should also take appropriate steps
to minimize damage, for example by restricting
access to sensitive areas and protecting eroding
banks. Those involved in direct habitat manipula-
tion for angling should seek advice from con-
servation bodies at the planning stage. More
involvement of anglers with conservation issues
would also be helpful, eg by having an angling
representative associated with the local Natural-
ists' Trust and a conservation representative on
the angling club committee.
iv. Open discussion of the facts (or lack of them)
concerning the role and impact of fish, avian and
mammalian predators should be encouraged
among anglers. Control measures involving the
use of piscicides or the shooting of birds should
be used only after careful consideration. Alterna-
tive measures should be considered more
widely.
v. All anglers should be made aware of the law
relating to the movement of fish into and within
Great Britain. Indiscriminate introductions of fish
should be discouraged. Species of fish should
not be used as live bait.
,
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emergent plants be encouraged to grow along
banks disturbed by boats?
iv. Safer alternatives to the present piscicides are
needed to remove unwanted fish. We also need
to know much more about the effects of com-
petition among fish species. Is it really necessary
to remove the unwanted fish already present at a
site before introducing other, more favoured,
species? What is the effect of introducing a new
species to an existing stable community?
v. More also needs to be known about the effects
of angling practices on fish populations them-
selves, for they too are wildlife. Thus, we need to
know more about the impact of capture, keep-
nets, weighing-in procedures at competitions,
and groundbaiting on fish populations and their
environment.
vi. It is also important to know more about the
behaviour and attitudes of anglers so that accept-
able and cost-effective solutions to various prob-
lems can be found.
5 Conclusions
Despite the obvious conflicts of interest in some
areas, angling and wildlife are not necessarily incom-
patible. Where due consideration can be given to the
effects of litter, habitat modification, disturbance and
control of predators and competitors of fish, the 2 can
often co-exist harmoniously. It may be, however, that
at some sites priority is given to the anglers and at
others to the wildlife, so that over a large area both can
survive, if not actually co-exist.
Before such a situation is possible, however, more
consideration of wildlife interests by anglers is
needed. In particular, the sport needs to be better
organized so that more anglers, by being members of
angling clubs, are controlled to some extent, can be
made aware of the needs of wildlife more effectively,
and can be penalized if they are irresponsible. In
England and Wales, control should be easier because
all anglers need licences to fish. At present, com-
munication amongst anglers is difficult because many
do not belong to clubs or other angling bodies. In this
connection, the numerous angling journals that are
available could help enormously by carrying articles on
various conservation issues from time to time. Angling
organizations and site managers need to be more
aware of wildlife, especially when designing angling
sites and planning the modification of habitats or the
control of mammals, birds or fish so that the effects
can be minimized. In turn, conservationists can work
more closely with anglers so that the latter are not
kept out of areas where they would have a negligible
effect on the wildlife.
6 Summary
This paper reviews the main conflicts between angling
and wildlife conservation in fresh waters. The major
problems which have arisen relate to the use of lead
fishing weights, litter disposal, disturbance, habitat
alteration, the use of piscicides, shooting of bird and
mammal predators, and the introduction and transloca-
tion of fish species. On the other hand, anglers are said
to be very beneficial in supporting controlled multi-
purpose use of waters and aciing as a powerful lobby
for pollution prevention. A code of conduct for anglers
is suggested which would, to a large extent, eliminate
the harmful effects of their activities. In addition, a
series of research topics is proposed which would give
answers to some of the problems that exist in this field
at present.
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